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Description

Field of the Invention

[0001] The subject matter relates generally to medical
devices and more particularly to classification of sensed
cardiac complexes.

Background

[0002] Effective, efficient ventricular pumping action
depends on proper cardiac function. Proper cardiac
function, in turn, relies on the synchronized contractions
of the heart at regular intervals. When normal cardiac
rhythm is initiated at the sinoatrial node, the heart is said
to be in sinus rhythm. However, when the heart experi-
ences irregularities in its coordinated contraction, due
to electrophysiologic disturbances caused by a disease
process or from an electrical disturbance, the heart is
denoted to be arrhythmic. The resulting cardiac arrhyth-
mia impairs cardiac efficiency and can be a potential life
threatening event.

[0003] Cardiac arrhythmias occurring in the atrial re-
gion of the heart are called supraventricular tachyar-
rhythmias (SVTs). Cardiac arrhythmias occurring in the
ventricular region of the heart are called ventricular tach-
yarrhythmias (VTs). SVTs and VTs are morphologically
and physiologically distinct events. VTs take many
forms, including ventricular fibrillation and ventricular
tachycardia. Ventricular fibrillation is a condition denot-
ed by extremely rapid, nonsynchronous contractions of
the ventricles. This condition is fatal unless the heart is
returned to sinus rhythm within a few minutes. Ventricu-
lar tachycardia are conditions denoted by a rapid heart
beat, 150 to 250 beats per minute, that has its origin in
some abnormal location within the ventricular myocar-
dium. The abnormal location is typically results from
damage to the ventricular myocardium from a myocar-
dial infarction. Ventricular tachycardia can quickly de-
generate into ventricular fibrillation.

[0004] SVTs also take many forms, including atrial fi-
brillation and atrial flutter. Both conditions are charac-
terized by rapid uncoordinated contractions of the atria.
Besides being hemodynamically inefficient, the rapid
contractions of the atria can also adversely effect the
ventricular rate. This occurs when the aberrant contrac-
tile impulse in the atria are transmitted to the ventricles.
Itis then possible for the aberrant atrial signals to induce
VTs, such as a ventricular tachycardia.

[0005] Implantable cardioverter/defibrillators (ICDs)
have been established as an effective treatment for pa-
tients with serious ventricular tachyarrhythmias. The
first generation of ICDs relied exclusively on ventricular
rate sensing for tachyarrhythmia detection. Specificity
to SVT was, however, often compromised, especially
when the ventricular response to SVT surpassed the pa-
tient's heart rate during VT. The frequency of inappro-
priate shocks with early generations of signal chamber
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ICDs ranged from 10-41% of the shocks. Detection en-
hancements, such as Sudden Onset and Stability of the
cardiac rhythms, improved specificity in more modem
ICDs. The introduction of dual chamber defibrillators fur-
ther improved upon the specificity to SVT without com-
promising sensitivity to VT. unfortunately, some patients
still receive inappropriate therapies for SVT, especially
when atria-to-ventricular conduction is 1:1.

[0006] Morphology-based algorithms have been pro-
posed as a way of distinguishing VT from SVT. Many of
these algorithms are template matching algorithms
which determine the type of tachycardia by comparing
features of the electrogram in question with an efficient
representation of the patient's normal sinus rhythm
(NSR) electrogram. The basis of appropriate discrimi-
nation using template-matching algorithms are based
on the assumption that the morphology of ventricular de-
polarization during VT will be dissimilar to those during
NSR. These algorithms classify cardiac complexes
based on their morphological similarity to the patient's
NSR complexes using only one intracardiac electro-
gram channel. In the process of comparing any two
complexes, the algorithm locates a fuducial point (e.g.,
the peak of the complex) to align the two complexes with
respect to each other. This alignment has the side effect
of positioning complexes such that they appear to be
more similar then they actually are. As a result, differ-
entiating the two complexes becomes more difficult.
[0007] For the reasons stated above, and for other
reasons stated below which will become apparent to
those skilled in the art upon reading and understanding
the present specification, there is a need in the art for
providing a reliable system of discriminating SVT in-
duced ventricular tachycardia from malignant ventricu-
lar tachycardia which can provide effective and reliable
therapy to patients experiencing malignant ventricular
tachycardia.

Summary of the Invention

[0008] The present subject matteris directed to a sys-
tem as defined in claim 1. It may be used for distinguish-
ing between the occurrence of a ventricular tachycardia
(VT) and a supraventricular tachycardia (SVT) during a
tachycardia episode. Preferred embodiments are de-
fined in the dependent claims. Upon detecting a tachy-
cardia episode, the system measures voltage values
from predetermined positions along sensed cardiac sig-
nals. The voltage values are then compared to voltage
values measured at the same relative positions along
model cardiac complexes. Using this comparison, the
system is able to distinguish the underlying cause of a
tachycardia episode as either being an SVT oras a VT.
[0009] Initially, a first model cardiac complex and a
second model cardiac complex are detected, or sensed,
in the first cardiac signal and the second cardiac signal,
respectively. In one embodiment, the first and second
model cardiac complexes are normal sinus rhythm
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(NSR) cardiac complexes sensed during normal sinus
rhythm. Alternatively, the first and second model cardiac
complexes are cardiac complexes which are induced by
electrical pulses delivered to at least one supraventricu-
lar location of the heart.

[0010] As the second model cardiac complex is
sensed, a predetermined alignment feature is identified.
In one embodiment, the predetermined alignment fea-
ture of the second cardiac complex is a repeatably iden-
tifiable portion of the second cardiac complex, such as
a maximum deflection point of the second cardiac com-
plex. The predetermined alignment feature is then used
to define, or position, a datum at a specified interval from
the predetermined alignment feature. In one embodi-
ment, the datum can be thought of as a line, or a posi-
tion, from which to make voltage measurements along
the first cardiac signal during the first cardiac complex.
In one embodiment, the datum is positioned at any lo-
cation between two sensed cardiac complexes.

[0011] Once the datum has been positioned relative
the predetermined alignment feature, a specified inter-
val is measured between the predetermined alignment
feature and the datum. Two or more morphological fea-
tures are then selected along the first model cardiac
complex. A measurement interval is then measured be-
tween the datum and each of the morphological features
on the first model cardiac complex. In addition to meas-
uring the measurement intervals, the voltage value of
the first model cardiac complex at each of the measure-
ment intervals is measured from the first model cardiac
signal. The values and locations of the predetermined
alignment feature, the specified interval and the meas-
urement intervals are then recorded and stored for use
in classifying cardiac complexes as either VT or SVT
cardiac complexes during a tachycardia episode.
[0012] When atachycardia episode is detected, a first
cardiac complex and a second cardiac complex of a car-
diac cycle are detected, or sensed, in the first cardiac
signal and the second cardiac signal, respectively. As
the second cardiac complex is sensed, the predeter-
mined alignment feature is identified. The predeter-
mined alignment feature is then used to define, or posi-
tion, the datum at the specified interval from the prede-
termined alignment feature. Once the datum has been
positioned relative the predetermined alignment fea-
ture, a voltage value is measured at each of the two or
more measurement intervals from the datum along the
first cardiac signal. The voltage values measured from
the first cardiac signal are then compared voltage values
measured from model complexes. Based on the com-
parison, the first cardiac complex is classified as either
a VT complex or a SVT complex.

[0013] As the tachycardiac episode occurs, a plurality
of cardiac cycles are detected in the first cardiac signal
and the second cardiac signal. A predetermined number
of the first cardiac complexes are classified as either VT
or SVT cardiac complexes based on the present subject
matter. A ventricular tachycardia episode is then de-
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clared when a threshold number of the predetermined
number of the first cardiac complexes are classified as
ventricular tachycardia complexes. Alternatively, a su-
praventricular tachycardia episode is declared when the
threshold number of the predetermined number of the
first cardiac complexes are classified as supraventricu-
lar tachycardia complexes.

[0014] In an additional embodiment, the present sub-
ject matter provides for a system and method of creating
a template for a morphology-based algorithm which is
used to classify cardiac complexes during a tachycardia
episode. In one embodiment, electrical energy pulses
are provided to the supraventricular region of the pa-
tient's heart. The resulting cardiac complexes are then
sensed and used to create a template for use in a mor-
phology-based cardiac classification algorithm for clas-
sifying, categorizing or assessing a patient's cardiac
condition.

Brief Description of the Drawings

[0015]

Figure 1 shows a first cardiac signal and a second
cardiac signal which include a first and a second
cardiac complex, respectively;

Figure 2 is a flow diagram of one embodiment of the
present subject matter;

Figure 3 is a flow diagram of one embodiment of the
present subject matter;

Figure 4 is a flow diagram of one embodiment of the
present subject matter;

Figure 5 shows a first cardiac signal and a second
cardiac signal according to one embodiment of the
present subject matter;

Figure 6 is a flow diagram of one embodiment of the
present subject matter;

Figure 7 is a flow diagram of one embodiment of the
present subject matter;

Figure 8 is a flow diagram of one embodiment of the
present subject matter;

Figure 9 shows a first cardiac signal and a second
cardiac signal according to one embodiment of the
present subject matter;

Figure 10 is a flow diagram of one embodiment of
the present subject matter;

Figure 11 shows a first cardiac signal and a second
cardiac signal according to one embodiment of the
present subject matter;

Figure 12 is a flow diagram of one embodiment of
the present subject matter;

Figure 13 is a flow diagram of one embodiment of
the present subject matter;

Figure 14 shows first cardiac signals and second
cardiac signals according to one embodiment of the
present subject matter;

Figure 15 is a schematic view of one embodiment
of an implantable medical device with an endocar-
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dial lead and a medical device programmer;
Figure 16 is a schematic view of one embodiment
of an implantable medical device with an endocar-
dial lead and a medical device programmer;
Figure 17 is a block diagram of an implantable med-
ical device according to one embodiment of the
present system; and

Figure 18 is a block diagram of an implantable med-
ical device according to one embodiment of the
present system.

Detailed Description

[0016] In the following detailed description, reference
is made to the accompanying drawings which form a
part hereof and in which is shown by way of illustration
specific embodiments in which the invention may be
practiced. These embodiments are described in suffi-
cient detail to enable those skilled in the art to practice
and use the invention, and it is to be understood that
other embodiments may be utilized and that electrical,
logical, and structural changes may be made without de-
parting from the spirit and scope of the present inven-
tion. The following detailed description is, therefore, not
to be taken in a limiting sense and the scope of the
present invention is defined by the appended claims.
[0017] The present subject matter allows for a cardiac
complex to be quickly and accurately classified as either
being an arrhythmic cardiac complex or a non-arrhyth-
mic cardiac complex. One application of the present
subject matter is in classifying cardiac complexes
sensed during a tachycardia episode as either ventricu-
lar tachycardia (VT) or supraventricular tachycardia
(SVT) complexes. Based on the classification of the car-
diac complexes, the tachycardia episode can then be
classified as either a VT or an SVT event. In one em-
bodiment, the present subject matter is useful in classi-
fying a tachycardia episode having a 1:1 atrial-to-ven-
tricular ratio.

[0018] In one embodiment the present subject matter
uses cardiac signals sensed in two cardiac channels to
classify cardiac complexes during a tachycardia epi-
sode. Using two cardiac channels allows for a more
complete "view" of each cardiac complex from which to
classify the cardiac complex. For example, two cardiac
channels useful for the present subject matter include a
ventricular far-field channel and a ventricular near-field
channel. Figure 1 shows one example of a cardiac com-
plex as it was sensed in a far-field channel 100 and a
near-field channel 110. The cardiac signals are plotted
as a voltage of the cardiac signal (y-axis) as a function
of time (x-axis). In the far-field channel 100, the cardiac
complexes are sensed between defibrillation electrodes
which provides a signal representative of a larger region
of contracting cardiac tissue. For example, the far-field
channel 100 includes a QRS-complex 120 which repre-
sents a ventricular contraction of a cardiac cycle. In the
near-field channel 110, the cardiac complex are sensed
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between a pacing electrode and a second electrode.
Due to its smaller size the pacing electrode sensing a
more localized region of contracting tissue than the far-
field signal. Differences in cardiac signals sensed in far-
field and near-field signal are then used in the present
subject matter to classify cardiac complexes during the
tachycardia episode.

[0019] The relative positions of the QRS-complexes
in the far-field and the near-field channels contain infor-
mation about the conduction path of the cardiac action
potential. SVT complexes use the same conduction
path that cardiac complexes which initiate in the su-
praventricular region use, as the conduction problem in
an SVT is present in the supraventricular region. In con-
trast, VT complexes do not use the same conduction
path as cardiac complexes which initiate in the su-
praventricular region, as the conduction problem is
present in the ventricular region. Besides SVT complex-
es originating in the SVT region, other cardiac complex-
es also arise in the supraventricular region. Examples
include normal sinus rhythm (NSR) complexes and car-
diac complexes which are initiated by pacing pulses to
the supraventricular region. The similarity in cardiac
complex origin between SVT cardiac complexes and
NSR cardiac complexes or paced cardiac complexes,
and the dissimilarity between VT cardiac complexes and
the NSR cardiac complexes or paced cardiac complex-
es, is used in the present subject matter to help classify
a cardiac complex sensed during a tachycardiac epi-
sode as either a SVT complex or a VT complex.
[0020] Referring now to Figure 2, there is shown one
embodiment of the present subject matter for classifying
cardiac complexes sensed during a tachyarrhythmia ep-
isode. At 200, a first cardiac signal and a second cardiac
signal are sensed. Both the first and second cardiac sig-
nals include cardiac complexes which represent the car-
diac cycle of the heart. As a cardiac cycle occurs, a first
cardiac complex for a cardiac cycle is detected in the
first cardiac signal and a second cardiac complex for the
cardiac cycle is detected in the second cardiac signal at
210. At 220, a datum is positioned relative the first and
second cardiac complexes. In one embodiment, the da-
tum is a reference point or line from which distances (or
times) are measured prior to taking voltage measure-
ments from the first and second cardiac signals.
[0021] In one embodiment, the datum is defined, or
located, at a specified interval (e.g., an interval of time)
from a predetermined alignment feature located on the
second cardiac complex. In one embodiment, the pre-
determined alignment feature is a repeatably identifia-
ble portion of a sensed cardiac complex detected in the
second cardiac signal which can be used as a reference
point to align and/or coordinate the position of the first
and second cardiac complexes relative the datum. In
one embodiment, the predetermined alignment feature
is the maximum deflection point of the second cardiac
signal during a cardiac complex. In an additional em-
bodiment, the predetermined alignment feature is a
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point of maximum slew. Alternatively, the predetermined
alignment feature is fiducial point of the second cardiac
complex. The predetermined alignment feature, howev-
er, can be any repeatably identifiable portion of the sec-
ond cardiac complex which will be present regardless
of the arrhythmia that is occurring.

[0022] At 230, once the datum has been defined (or
positioned) relative the predetermined alignment fea-
ture, a voltage value of the first cardiac signal is meas-
ured at each of two or more measurement intervals from
the datum. As will be explained full below, the voltage
values measured from the first cardiac signal are used
to create a complex feature vector. The complex feature
vector is then compared to a template feature vector,
where in one embodiment the template feature vector
represents a model cardiac complex (or complexes) of
a patient's heart. Based on the comparison, the cardiac
complex detected in the first and second cardiac signal
is then classified as either a SVT cardiac complex or a
VT cardiac complex.

[0023] As the cardiac complexes are sensed during
the tachycardia event they are aligned with and com-
pared to the model cardiac complex. Because compar-
ing an entire cardiac complex to a template can be time
consuming and/or computationally difficult, the present
subject matter measures voltage values from the
sensed cardiac complexes and creates a vector to nu-
merically represent the complexes. In one embodiment,
model cardiac complexes are derived from cardiac com-
plexes sensed from the patient. For example, the model
cardiac complex (or complexes) is derived from cardiac
complexes sensed during the patient's normal sinus
rhythm (NSR). In an additional example, the model car-
diac complex (or complexes) is derived from sensed "in-
duced" cardiac complexes which are the result of a car-
diac cycle initiated by electrical pulses being delivered
to the supraventricular region of the heart. Each of the
cardiac complexes to be classified are then represented
by a complex feature vector. The complex feature vector
is then compared to the template feature vector and the
cardiac complex is classified based on that comparison.
[0024] Figure 3 shows one embodiment of determin-
ing the specified interval and the template feature vector
from the sensed model cardiac complexes. At 300, a
first cardiac signal and a second cardiac signal are
sensed. At 310, a first model cardiac complex is detect-
ed in the first cardiac signal, and a second model cardiac
complex is detected in the second cardiac signal. In one
embodiment, the first and second model cardiac com-
plexes are representative of a cardiac cycle. A prede-
termined alignment feature is then located relative the
second model cardiac complex at 320. In one embodi-
ment, the predetermined alignment feature is posi-
tioned, orlocated, by an attending medical personal who
is viewing an image of the second cardiac signal and
the second model cardiac complex. In one embodiment,
the image is viewed on a medical device programmer
which is in communication with an implantable medical
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device, such as an implantable cardiac defibrillator,
which is sensing the first and second cardiac signals.
The predetermined alignment feature is then identified
and the medical device programmer is used to program
the implantable medical device as to the location of the
predetermined alignment feature.

[0025] Once the predetermined alignment feature is
located at 330, the specified interval between the pre-
determined alignment feature and the datum is meas-
ured. In one embodiment, the datum is also positioned,
or located, by the attending medical personal while
viewing the image of the first and second cardiac sig-
nals. At 340, the specified interval is then stored. In ad-
dition to measuring the specified interval at 350, voltage
values of the first cardiac signal during the first model
cardiac complex are measured at each of the two or
more measurement intervals from the datum. At 360,
the voltage values of the first cardiac signal at each of
the two or more measurement intervals from the datum
are then stored.

[0026] As previously discussed, the first and second
model cardiac complexes can either be sensed during
the patient's normal sinus rhythm (NSR) or be induced
cardiac complexes sensed after electrical pulses have
been delivered to the supraventricular region of the
heart. Figure 4 shows one example of determining the
specified interval and the template feature vector from
NSR cardiac complexes. At 400, a first cardiac signal
and a second cardiac signal are sensed during the pa-
tient's NSR. At410, first and second model cardiac com-
plexes, in this case NSR cardiac complexes, are detect-
ed in the first and second cardiac signals, respectively.
In one embodiment, the NSR cardiac complexes from
which the specified interval and the template feature
vector are derived can either be a signal NSR complex
which is representative of a large number of NSR com-
plexes sensed from the patient. Alternatively, an aver-
age or median NSR cardiac complex from two or more
NSR cardiac complexes is used to determine the spec-
ified interval and the template feature vector. To ensure
that the NSR cardiac complex used in determining an
average or a median NSR cardiac complex are repre-
sentative of the patient's NSR, a correlation coefficient
for the NSR cardiac complex is calculated and NSR car-
diac complexes having a correlation coefficient of great-
er then 0.90 are used to create the representative NSR
cardiac complex.

[0027] In one embodiment, the patient's NSR are
sensed using catheter electrodes coupled to an implant-
able cardioverter/defibrillator. In one embodiment, the
NSR complexes are sensed on far and near field signals
using intracardiac electrodes implanted within the
chambers of and/or on the surface of the patient's heart.
The sensed NSR cardiac complexes are then down-
loaded, or transferred, to a medical device programmer.
In one embodiment, the medical device programmer
displays NSR complexes for review and selection by at-
tending physicians. The medical device programmer
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can also calculate the correlation coefficient for the NSR
complexes based on morphological features of the com-
plexes and derived a median or an average NSR com-
plex.

[0028] Once the first and second NSR cardiac com-
plexes have been determined, the predetermined align-
ment feature is identified in the second NSR cardiac
complex. In one embodiment, the predetermined align-
ment feature is identified by the attending physician or
medical personal based on the criteria previously dis-
cussed. In one embodiment, the first and second NSR
cardiac complexes are displayed on the view screen of
the medical device programmer. The physician or med-
ical personnel can then identify the predetermined align-
ment feature on the second NSR cardiac complex. Al-
ternatively, the predetermined alignment feature is de-
termined using an alignment feature extraction program
executed in the medical device programmer, where the
attending physician or medical personal select the de-
sired predetermined alignment feature from a predeter-
mined list of features the medical device programmer is
capable of identifying. The program then analyzes the
NSR cardiac complexes to identify the predetermined
alignment feature.

[0029] Once the predetermined alignment feature of
the second cardiac complex is identified, the value of
the specified interval is measured between the prede-
termined alignment feature and the datum. In one em-
bodiment, the datum is set at a position along the first
and second cardiac signals between two consecutively
sensed cardiac complexes. The specified interval is
then measured between the predetermined alignment
feature and the datum and the value is then stored. Al-
ternatively, the datum is set at a specified interval of time
from the predetermined alignment feature, where the
specified interval of time is selected so as to position the
datum along the first and second cardiac signals be-
tween consecutively sensed cardiac complexes. Once
the datum is set relative the predetermined alignment
feature the value of the specified interval is stored for
use in classifying cardiac complexes.

[0030] At430, voltage values of the first cardiac signal
are measured from the first NSR cardiac complex rela-
tive the datum. In one embodiment, the voltage values
are measured at morphological features of the first NSR.
The morphological features selected from the NSR car-
diac complexes include maximum or minimum deflec-
tion points of the cardiac signal, the beginning or ending
of the cardiac complex, fiducial points along the cardiac
signals during the NSR cardiac complex. Other selected
morphological features are also possible, where the fea-
tures represent repeatably identifiable potion of the first
cardiac complex. The distance between each of the se-
lected morphology features and the datum is then meas-
ured and the value of each of the distances creates a
measurement interval. Each of the measurement inter-
vals is then stored for subsequent use in locating a por-
tion of the first cardiac signal sensed during a tachycar-
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dia episode. A voltage measurement of the first cardiac
signal is then made at each of the measurementinterval.
[0031] In one embodiment, the voltage values meas-
ured at 430 are used to create a template feature vector
(TFV). In one embodiment, the TFV = [ty, ty, t3, t4, ...,
t,], where the elements of the feature vector (t, - t,,) are
the voltage value measured from the first cardiac signal
at each of the two or more measurement intervals from
the datum. Once the TFV has been created, the TFV is
stored for subsequent use in analyzing cardiac com-
plexes during a tachycardiac event.

[0032] In one embodiment, the TFV allows the entire
waveform of the first NSR cardiac complex to be repre-
sented by a series, or vector, of voltage values meas-
ured along the NSR cardiac complex. By representing
the first NSR cardiac complex with the TFV, the amount
of information needed to store the representation of the
complex is greatly reduced compared to storing the en-
tire signal for the NSR cardiac complex. In addition,
since the NSR cardiac complex is being represented by
a series of values derived from a cardiac signal the com-
putational requirements in comparing the NSR cardiac
complex to a cardiac complex sensed during a tachy-
cardia episode are also greatly reduced as compared to
having to analyze the morphology of the two cardiac
complexes.

[0033] Referring now to Figure 5, there is shown one
embodiment of a NSR cardiac complex 500 from which
a TFV and a specified interval are derived. A first cardiac
signal 504 is shown having a first NSR cardiac complex
508 and a second cardiac signal 512 is shown having a
second NSR cardiac complex 516. In the present em-
bodiment, the first cardiac signal 504 is a far-field signal
and the second cardiac signal 512 is a near-field signal.
Other combinations of signals could be used.

[0034] A predetermined alignment feature is located
along the second NSR cardiac complex 516 as previ-
ously discussed. In the present embodiment, the prede-
termined alignment feature is a maximum deflection
point 520 of the second NSR cardiac complex 516. As
previously discussed, other predetermined alignment
features along the second NSR cardiac complex 516
could be selected. A datum 524 is then positioned as
previously discussed at a specified interval 528 from the
predetermined alignment feature.

[0035] Atleast two morphology features are selected
on the first NSR cardiac complex 508. In the present
embodiment, a plurality of morphology features are
shown at 532. As previously discussed, morphology
features can be selected at any number of positions
along the first NSR cardiac complex 508. A measure-
mentinterval 540 is then measured between each of the
selected morphology features 532 and the datum 524.
The measurement intervals create the template feature
vector as previously described. Additionally, each of the
measurement intervals 540 is stored (e.g., the length of
the measurement interval 540 are stored) so subse-
quent voltage measurements can be made along the
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first cardiac signal at, or approximately at, the same lo-
cation relative the predetermined alignment feature and
the datum during a tachycardiac event.

[0036] The present subject matter recognizes that
creating a template is not limited to data derived from a
patient's intrinsic NSR cardiac complexes. It is also pos-
sible to provide electrical energy pulses to the supraven-
tricular region of the patient's heart from which the re-
sulting induced cardiac complexes are sensed and used
to create a template for use in a morphology-based car-
diac classification algorithm for classifying, categorizing
or assessing a patient's cardiac condition. Figure 6
shows an embodiment of creating a template for a mor-
phology-based algorithm which is used to classify car-
diac complexes during a tachyarrhythmia episode. In
the present embodiment, electrical energy pulses are
delivered to the supraventricular region of the heart and
the resulting cardiac complexes are sensed and utilized
in creating one or more templates for use in a morphol-
ogy-based classification algorithm. As used herein, car-
diac complexes started by the delivery of electrical en-
ergy pulses are referred to as "induced cardiac complex-
es."

[0037] At 600, at least a first cardiac signal is sensed
from the patient's heart. By way of example only, the first
cardiac signal is a far-field signal as previously dis-
cussed. At 610, electrical pulses are delivered to a su-
praventricular location of the patient's heart. In one em-
bodiment, the electrical pulses are pacing level pulses
delivered through a pacing electrode positioned on or
within the supraventricular region of the patient's heart.
The electrical pulses cause the patient's heart to pro-
ceed through a cardiac cycle which is detected as car-
diac complexes in the first cardiac signal. In one embod-
iment, the patient is in either NSR and/or in a non-ar-
rhythmic cardiac state. The electrical pulses are deliv-
ered to the supraventricular region, such as a right atrial
location adjacent or near to the SA-node. The electrical
pulses can be delivered either at the patient's intrinsic
heart rate or at a rate that is above the intrinsic cardiac
rate. At 620, the first cardiac signal is detected as the
electrical pulses are delivered to the supraventricular lo-
cation. In one embodiment, the detected first cardiac
signal includes the model cardiac complexes, which in
this case are the induced cardiac complexes. At 630,
the detected, or sensed, induced cardiac complexes are
then used to create the template or "representation” of
the patient's non-arrhythmic cardiac complexes.
[0038] In one embodiment, creating the template or
representation of the patient's non-arrhythmic cardiac
complexes from the induced cardiac complexes is ac-
complished according to the present subject matter. In
an alternative embodiment, creating the template or rep-
resentation of the patient's non-arrhythmic cardiac com-
plexes from the induced cardiac complexes is accom-
plished according to techniques and methods known for
creating templates from non-induced cardiac complex-
es (e.g., cardiac complexes sensed during NSR). In
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many cases, these non-induced cardiac complexes are
used to create "templates” which are subsequently used
in classifying, categorizing or assessing sensed cardiac
complexes during an arrhythmic episode.

[0039] Figure 7 shows one embodiment of develop-
ing, or creating, a template of a classification algorithm
from detected cardiac complexes from induced cardiac
complexes, where the classification algorithm classifies
subsequently detected cardiac complexes. At 700, an
atrial cardiac signal is sensed from a supraventricular
location, where the atrial cardiac signal includes atrial
cardiac complexes. In one embodiment, the atrial car-
diac signal is sensed with at least one implantable elec-
trode positioned within a supraventricular location. At
710, an intrinsic atrial rate is calculated from the atrial
cardiac complexes. In one embodiment, the intrinsic
atrial rate is an average intrinsic atrial rate.

[0040] At 720, electrical pulses are delivered to the
supraventricular location of the patient's heart at a rate
thatis equal to or greater than the patient's intrinsic atrial
rate. In one embodiment, the electrical pulses are deliv-
ered to the supraventricular location at a predetermined
rate which is faster than the average intrinsic atrial rate.
In one embodiment, the predetermined rate is set at a
predetermined percentage above the average intrinsic
atrial rate, where the predetermined percentage is set
in a range of five (5) to fifty (50), five (5) to forty (40) or
ten (10) to twenty (20), where ten (10) percent is an ac-
ceptable value. In an alternative embodiment, the elec-
trical pulses are delivered to the supraventricular loca-
tion at a predetermined target heart rate. In one embod-
iment, the predetermined target heart rate is pro-
grammed in a range of a patient's intrinsic heart rate to
one hundred sixty five (165) pulses/minute (or beats/
minute), where the patient's intrinsic heart rate is in the
range of forty (40) to eighty (80) beats/minute. Alterna-
tively, the predetermined target heart rate is a program-
mable value in the range of forty (40) to one hundred
sixty five (165), eighty (80) to one hundred sixty five
(165), forty (40) to one hundred twenty (120), or eighty
(80) to one hundred twenty (120) pulses/minute, where
seventy (70) pulses/minute is an acceptable value.
[0041] In addition, increasing the intrinsic heart rate
by delivering electrical pulses is accomplished by ram-
ping-up, or increasing, the heart rate at a predetermined
ramp acceleration. In one embodiment, the predeter-
mined ramp acceleration is used to safely accelerate the
heart rate from the intrinsic rate to the new induced heart
rate (e.g., the predetermined target heart rate). In one
embodiment, the predetermined ramp acceleration is
programed to increase successive cardiac intervals at
no more than five percent of the preceding cardiac in-
terval. In an additional embodiment, the electrical pulses
are pacing level pulses that are delivered through a pac-
ing electrode positioned on or within the supraventricu-
lar region of the patient's heart. In one embodiment, the
electrical pacing pulses are programmable voltage val-
ues in the range of 0.1 t0 10,0.1t0 5, 1to 10,or1t0 5
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volts, where 1 volt is an acceptable value.

[0042] At 730, the first cardiac signal and the second
cardiac signal are sensed from the patient's heart. At
740, first and second model cardiac complexes are de-
tected in the first and second cardiac signals as the elec-
trical pulses are delivered. In one embodiment, the car-
diac complexes from which the specified interval and the
template feature vector are derived can either be a sig-
nal cardiac complex which is representative of a large
number of the induced cardiac complexes. Alternatively,
an average or median cardiac complex from two or more
of the induced cardiac complexes is used to determine
the specified interval and the template feature vector. To
ensure that the cardiac complex used in determining an
average or a median cardiac complex are representa-
tive of the patient's induced cardiac complexes, a cor-
relation coefficient for the cardiac complex is calculated
and cardiac complexes having a correlation coefficient
of greater then 0.90 are used to create the representa-
tive induced cardiac complex.

[0043] In one embodiment, the induced cardiac com-
plexes are sensed using catheter electrodes coupled to
an implantable cardioverter/defibrillator. In one embod-
iment, the induced cardiac complexes are sensed on
far-field and near-field signals using intracardiac elec-
trodes implanted within the chambers of and/or on the
surface of the patient's heart. The sensed induced car-
diac complexes are then downloaded, or transferred, to
a medical device programmer. In one embodiment, the
medical device programmer displays induced cardiac
complexes for review and selection by an attending phy-
sician. The medical device programmer can also calcu-
late the correlation coefficient for the induced cardiac
complexes based on morphological features of the com-
plexes and derived a median or an average induced car-
diac complexes.

[0044] Once the first and second induced cardiac
complexes have been determined, the predetermined
alignment feature is identified in the second induced car-
diac complex. In one embodiment, the predetermined
alignment feature is identified by the attending physician
or medical personal based on the criteria previously dis-
cussed. In one embodiment, the first and second in-
duced cardiac complexes are displayed on the view
screen of the medical device programmer. The physi-
cian or medical personnel can then identify the prede-
termined alignment feature on the second induced car-
diac complex. Alternatively, the predetermined align-
ment feature is determined using an alignment feature
extraction program executed in the medical device pro-
grammer, where the attending physician or medical per-
sonal select the desired predetermined alignment fea-
ture from a predetermined list of features the medical
device programmer is capable of identifying. The pro-
gram then analyzes the induced cardiac complexes to
identify the predetermined alignment feature.

[0045] At 750, once the predetermined alignment fea-
ture of the second induced cardiac complex is identified
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the value of the specified interval is measured between
the predetermined alignment feature and the datum. In
one embodiment, the datum is set at a position along
the first and second cardiac signals between two con-
secutively sensed cardiac complexes. The specified in-
terval is then measured between the predetermined
alignment feature and the datum and the value stored.
Alternatively, the datum is set at a specified interval of
time from the predetermined alignment feature, where
the specified interval of time is selected so as to position
the datum along the first and second cardiac signals be-
tween consecutively sensed cardiac complexes. Once
the datum is set relative the predetermined alignment
feature the value of the specified interval is stored for
use in classifying cardiac complexes.

[0046] At760, voltage values of the first cardiac signal
are measured from the firstinduced cardiac complex rel-
ative the datum. In one embodiment, the voltage values
are measured at morphological features of the first in-
duced cardiac complex. The morphological features se-
lected from the induced cardiac complexes include max-
imum or minimum deflection points of the cardiac signal,
the beginning or ending of the cardiac complex, fiducial
points along the cardiac signals during the induced car-
diac complex. Other selected morphological features
are also possible, where the features represent repeat-
ably identifiable potion of the first induced cardiac com-
plex. The distance between each of the selected mor-
phology features and the datum is then measured and
the value of each of the distances creates a measure-
ment interval. At 770, each of the measurement inter-
vals is then stored for subsequent use in locating a por-
tion of the first cardiac signal sensed during a tachycar-
dia episode. A voltage measurement of the first cardiac
signal is then made of each of the measurementinterval.
[0047] In one embodiment, the voltage values meas-
ured at 760 are used to create the template feature vec-
tor (TFV). Inone embodiment, the TFV =[ty, ty, t3, 14, . ..,
t,], where the elements of the feature vector (t, - t,) are
the voltage value measured from the first induced car-
diac signal at each of the two or more measurement in-
tervals from the datum. Once the TFV has been created,
the TFV is stored for subsequent use in analyzing car-
diac complexes during a tachycardiac event.

[0048] In one embodiment, the TFV allows the entire
waveform of the firstinduced cardiac complex to be rep-
resented by a series, or vector, of voltage values meas-
ured along the induced cardiac complex. By represent-
ing the first induced cardiac complex with the TFV, the
amount of information needed to store the representa-
tion of the complex is greatly reduced compared to stor-
ing the entire signal for the induced cardiac complex. In
addition, since the induced cardiac complex is being
represented by a series of values derived from a cardiac
signal the computational requirements in comparing the
induced cardiac complex (i.e., the model cardiac com-
plex) to a cardiac complex sensed during a tachycardia
episode are also greatly reduced as compared to having



15 EP 1241 977 B1 16

to analyze the morphology of the two cardiac complex-
es.

[0049] Referring now to Figure 8, there is shown one
embodiment of classifying a cardiac complex sensed
during a tachycardia episode. At 800, a first cardiac sig-
nal and a second cardiac signal are sensed. At 810, the
first and second cardiac signals are analyzed to deter-
mine whether a tachycardia episode is occurring. In one
embodiment, a tachycardia episode is detected when a
sensed ventricular rate exceeds a predetermined
threshold. In one embodiment, the predetermined
threshold is set between 150 to 180 beats per minute.
When the ventricular rate does not exceed the prede-
termined threshold, path 814 is taken back to 810 and
the ventricular rate is analyzed again to determine if a
tachycardiac event is occurring. Alternatively, when the
ventricular rate exceeds the predetermined threshold,
path 818 is taken to 820.

[0050] At 820, a first cardiac complex and a second
cardiac complex are of a sensed cardiac cycle detected
in the first and second cardiac signals, respectively. As
each cardiac complex is sensed, voltage measure-
ments are made from the cardiac signals. The voltage
measurements are then used to create a complex fea-
ture vector (CFV) for each sensed cardiac complex. The
CFV is then compared to the TFV to classify each of the
sensed cardiac complexes as either SVT complexes or
VT complexes.

[0051] At 830, the second cardiac complex is ana-
lyzed to locate the predetermined alignment feature. As
previously discussed, the predetermined alignment fea-
ture of the second cardiac complex is the same feature
located in the second model cardiac complex. In addi-
tion to locating the predetermined alignment feature, the
datum is defined at the specified interval from the pre-
determined alignment feature on the second cardiac
complex.

[0052] Figure 9 shows an example of a cardiac com-
plex sensed during a tachycardia episode. The first car-
diac signal and the second cardiac are shown at 900
and 904, respectively. The first and second cardiac sig-
nals show a first cardiac complex 908 and a second car-
diac complex 912 which represent a portion of a cardiac
cycle sensed during a tachycardia episode. In the
present embodiment, the predetermined alignment fea-
ture is a maximum deflection point 918 in the second
cardiac complex, which was the predetermined align-
ment feature used in establishing the specified interval
and the TFV from the NSR cardiac complex. The spec-
ified interval 528 is then used to define the position of
the datum 524.

[0053] In an additional embodiment, the datum is de-
fined at a scaling percentage of the specified interval
from the predetermined alignment feature. A reason for
scaling the specified interval is that during a tachycardia
episode the cardiac complexes occur more rapidly. As
aresult the time between subsequent cardiac complex-
es is shorter than during either NSR or the rate of the
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induced cardiac complexes. Thus, the specified interval
may need to be reduced by the scaling percentage,
where the specified interval is multiplied by the scaling
percentage to give a revised specified interval. In addi-
tion to scaling the specified interval, the measurement
intervals are also scaled in the same manner as the
specified interval. In one embodiment, each of the two
or more measurement intervals is multiplied by the scal-
ing percentage to give revised measurement intervals.
The voltage value of the first cardiac signal for the first
cardiac complex are then measured at each of two or
more revised measurement intervals from the datum. In
one embodiment, the scaling percentage is a function
of the sensed ventricular rate, where the scaling per-
centage decreases as the ventricular rate increases,
where the scaling percentage is programmed at a value
between 50 and 100 percent.

[0054] Referring again to Figure 8, at 840 voltage val-
ues of the first cardiac signal are measured at the meas-
urement intervals relative the datum. As previously dis-
cussed, the measurement intervals for each of the ele-
ments of the TFV were recorded and stored for use in
analyzing a tachycardiac complex during a tachycardia
episode. Unlike having to identify morphological fea-
tures to create the measurement intervals in the first
model complex measuring the voltage values from the
first cardiac complex does not rely on identifying the
same morphological features used to create the meas-
urement intervals. In analyzing and classifying the car-
diac complex, the measurement intervals are used to
measure the distance, or the interval, from the datum to
the points, or areas, at which voltage measurements are
made from the first cardiac signal. Therefore, one ad-
vantage of the present subject matter is that morpholog-
ical features on the first cardiac complex sensed during
a tachycardia episode do not need to be identified prior
to making voltage measurements from the first cardiac
signal.

[0055] Referring again to Figure 9, there is shown one
embodiment of measuring voltage values from the first
cardiac signal 900 at the measurementintervals. By way
of example, the measurement intervals are taken as the
measurement intervals 540 defined in Figure 5. In Fig-
ure 5, five voltage measurements were made at five dif-
ferent measurement intervals 540 which gave a five el-
ement TFV=[t,, t,, t3, t,, t5]. The same measurement
intervals 540 are used to measure the distance from the
datum 524 at which the voltage measurements are to
be made along the first cardiac signal 900. The voltage
values are then used to create the cardiac feature vector
(CFV), CFV=[cy, cy, C3, Cy, ... ,Cy], Where the elements
of the cardiac feature vector (c, - c,,) are the voltage val-
ue measured from the first cardiac signal at each of the
two or more measurement intervals from the datum. In
the present embodiment because the same number of
measurement intervals are used to measure voltage
values from the first cardiac signal as were measured
from the first model cardiac complex (e.g., NSR cardiac
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complex or induced cardiac complex), a five element
CFV is created CFV=[cy, C,, C3, Cy4, Cgl.

[0056] Referring again to Figure 8, once the voltage
values of the first cardiac signal have been measured
at the measurement intervals from the datum, the volt-
age values of the first cardiac complex and the model
cardiac complex are compared to determine whether
the cardiac complex is an SVT cardiac complex ora VT
cardiac complex. At 850, the comparison between the
two cardiac complexes is accomplished using the CFV
of the cardiac complex and the TFV of the model cardiac
complex. One example of comparing the CFV and the
TFV is to calculate a correlation coefficient, r, of the CFV
and the TFV as follows:

r = correcoef (TFV, CFV)

where correcoef (TFV, CFV) is the correlation coefficient
between vectors TFV and CFV. A value of +1.0 means
that TFV and CFV are correlated. As the correlation co-
efficient, r, value falls below 1.0 the cardiac complex be-
comes less correlated with the model cardiac complex.
[0057] At860, the correlation coefficient computed for
the TFV and the CFV for the cardiac complex is then
compared to a predetermined threshold, 3. When the
correlation coefficient is greater than the predetermined
threshold, the cardiac complex is classified as a SVT
cardiac complex at 870. When the correlation coefficient
is less than or equal to the predetermined threshold, the
cardiac complex is classified as a VT cardiac complex
at 880.

[0058] In one embodiment, once a tachycardiac epi-
sode is detected, a plurality of cardiac cycles are sensed
and classified according to the present subject matter.
The classified cardiac complexes are then used to clas-
sify the tachycardia episode as either a ventricular tach-
ycardia episode or a supraventricular tachycardia epi-
sode. An example of classifying the tachycardia episode
include using an X out of Y criterion, where Y is a pre-
determined number of cardiac complexes (e.g., first car-
diac complexes) which are sensed and classified. In one
embodiment, Y defines a window of consecutively
sensed cardiac complexes, where the window has a
predetermined number of sensed cardiac complexes
and a new window occurs with each consecutive cardiac
complex. When a threshold number of the first cardiac
complexes are classified as either VT or SVT complexes
during a window of Y cardiac complexes the tachycardia
episode is classified (or declared) as either being a ven-
tricular tachycardia episode or a supraventricular tach-
ycardia episode. In one embodiment, Y is a program-
mable value in the range of 8 to 50, where 10 is an ac-
ceptable number of cardiac complexes. X is also a pro-
grammable value in the range of 5 to 10, where 7 is an
acceptable number when the number 10 is programmed
for X.

[0059] In an alternative embodiment, a percentage
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threshold of the classified cardiac complexes is used to
classify the tachycardia episode. For example, after
classifying the cardiac complex a percentage of the
classified cardiac complexes is calculated for the plural-
ity of sensed cardiac cycles. The calculated percentage
of VT complexes and SVT complexes sensed during the
tachycardia episode is compared to the percentage
threshold. So, a ventricular tachycardia episode is de-
clared when the threshold percentage of the first cardiac
complexes from the plurality of cardiac cycles are clas-
sified as ventricular tachycardia complexes. Alternative-
ly, a supraventricular tachycardia episode is declared
when the threshold percentage of the first cardiac com-
plexes from the plurality of cardiac cycles are classified
as supraventricular tachycardia complexes. In one em-
bodiment, the predetermined percentage threshold is a
programmable value in the range of 50 to 100 percent,
where a value of approximately 70 percent is an accept-
able value. The plurality of cardiac complexes used in
calculating the percentage of VT and SVT complexes is
also a programmable number, where the plurality of car-
diac complexes is programmed in the range of between
8 to 50, where 10 is an acceptable value.

[0060] Referring now to Figure 10, there is shown an
additional embodiment of the present subject matter. At
1000 a first cardiac signal and a second cardiac signal
of a sensed cardiac complex are sensed. At 1010, first
and second model cardiac complexes (e.g., NSR cardi-
ac complexes or induced cardiac complexes) are de-
tected in the first and second cardiac signals, respec-
tively, as previously described. The first and second
model cardiac complexes are then positioned in an anal-
ysis window at 1020. In one embodiment, the analysis
window is a defined area around a portion of the first
and second cardiac signals.

[0061] Referring now to Figure 11, there is shown one
embodiment of first and second cardiac signals, 1100
and 1104, positioned within an analysis window 1108.
The analysis window 1108 is positioned around a first
model cardiac complex 1112 and a second model car-
diac complex 1116. In one embodiment, at least a por-
tion of the analysis window 1108 is used as the datum
for measuring the specified interval from the predeter-
mined alignment feature on the second cardiac complex
1116. In one embodiment, the datum is selected from
any position along a first horizontal axis 1120 of the anal-
ysis window 1108. For example, the datum could be se-
lected from a vertical line 1124 positioned at the time the
analysis window 1108 begins. Alternatively, the datum
could be selected from a vertical line 1128 positioned at
the time at which the analysis window 1108 ends.
[0062] Referring again to Figure 10, once the analysis
window has been positioned around the firstand second
model cardiac complex a predetermined alignment fea-
ture is selected, or identified, from the second model
cardiac complex. Once the predetermined alignment
feature of the second cardiac complex is identified, the
specified interval is measured between the predeter-
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mined alignment feature and the datum at 1030. Once
the datum is set relative the predetermined alignment
feature the measurement interval is stored for use in
classifying cardiac complexes. Voltage values of the first
cardiac signal are then measured at the measurement
intervals on the first model cardiac complex as previous-
ly described.

[0063] At 1150, voltage values of the first cardiac sig-
nal are measured from the first model cardiac complex
relative the datum as previously described. The dis-
tance between each of the selected morphology fea-
tures and the datum is then measured and the value of
each of the distances creates a measurement interval.
Each of the measurement intervals is then stored for
subsequent use in locating a portion of the first cardiac
signal sensed during a tachycardia episode. A voltage
measurement of the first cardiac signal is then made at
each of the measurement intervals and the TFV for the
model cardiac complex is created and stored for subse-
quent use in analyzing cardiac complexes during a tach-
ycardiac event.

[0064] In Figure 12 there is shown one embodiment
of classifying a cardiac complex according to the
present subject matter. The encircled number 1 in Fig-
ure 10 provides a link to the encircled number 1 in Figure
12. At 1200, a first and second cardiac complex of a
sensed cardiac complex is sensed in the first and sec-
ond cardiac signals, respectively, during a tachycardia
episode. At 1210, the first and second cardiac complex
are positioned within an analysis window. The alignment
feature is then located on the second cardiac complex.
In one embodiment, the analysis window has the same
horizontal axis dimension, or length, of the analysis win-
dow used for the first and second model cardiac com-
plex in creating the TFV. The analysis window is then
positioned around the first and second cardiac complex
so the alignment feature is located at the specified in-
terval from the datum.

[0065] Voltage values are then measured from the
first cardiac signal at the measurement intervals at
1220. The voltage values for the first cardiac complex
are then compared to the voltage values for the first
model cardiac complex to determine whether the first
cardiac complex is a VT complex or a SVT complex. In
one embodiment, the comparison is accomplished by
creating a CFV for the cardiac complex. The CFV and
the TFV are then compared at 1230. In one embodi-
ment, a correlation coefficient, r, is calculated for the
CFV and the TFV. The correlation coefficient computed
for the TFV and the CFV for the cardiac complex is then
compared to the predetermined threshold, B, at 1240.
When the correlation coefficient is greater than the pre-
determined threshold, the cardiac complex is classified
as a SVT cardiac complex at 1250. When the correlation
coefficient is less than or equal to the predetermined
threshold, the cardiac complex is classified as a VT car-
diac complex at 1260.

[0066] Referring now to Figure 13, there is shown an
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additional embodiment of the present subject matter.
The encircled number 1 in Figure 10 provides a link to
the encircled number 1 in Figure 13. At 1300, a first and
second cardiac complex is sensed in the first and sec-
ond cardiac signals, respectively, during a tachycardia
episode. At 1310, the first and second cardiac complex
are positioned relative the first and second model car-
diac complexes within an analysis window. In one em-
bodiment, the alignment feature of the second cardiac
complex is located and then aligned with the alignment
feature on the second model cardiac complex. In the
present embodiment, the analysis window has the same
horizontal axis dimension, or length, of the analysis win-
dow used for the first and second model cardiac com-
plex in creating the TFV. The analysis window is then
positioned around the first and second cardiac complex
and the first and second model cardiac complex so the
alignment feature on both the second model cardiac
complex and the second cardiac complex are located at
the measurement interval from the datum.

[0067] Figure 14 shows one example of both the first
and second cardiac complex and the first and second
model cardiac complex aligned within an analysis win-
dow 1400. A first model cardiac complex 1406 and a
second model cardiac complex 1412 are positioned
within the analysis window 1400 with an alignment fea-
ture 1418 on the second model cardiac complex 1412
positioned at a specified interval 1424 from a datum
1428. Afirst cardiac complex 1430 and a second cardiac
complex 1436 of a cardiac cycle sensed during a tach-
ycardia episode are also positioned within the analysis
window 1400. In one embodiment, a predetermined
alignment feature 1440 on the second cardiac complex
1436 is aligned with the predetermined alignment fea-
ture 1418 on the second model cardiac complex 1412.
Alternatively, the predetermined alignment feature 1440
on the second cardiac complex 1436 is positioned at the
specified interval 1424 from the datum 1428.

[0068] Voltage values are then measured from the
first cardiac signal at the measurement intervals 1450.
The voltage value at each of the measurement intervals
1450 for the first cardiac complex are then compared to
the voltage value in each of the measurement intervals
1450 for the first model cardiac complex to determine
whether the first cardiac complex is a VT cardiac com-
plex or a SVT cardiac complex. In one embodiment, the
comparison is accomplished by creating a CFV for the
cardiac complex. The CFV and the TFV are then com-
pared at 1330. In one embodiment, a correlation coeffi-
cient, r, is calculated for the CFV and the TFV. The cor-
relation coefficient computed for the TFV and the CFV
for the cardiac complex is then compared to the prede-
termined threshold, B, at 1340. When the correlation co-
efficientis greater than the predetermined threshold, the
cardiac complex is classified as a SVT cardiac complex
at 1350. When the correlation coefficient is less than or
equal to the predetermined threshold, the cardiac com-
plex is classified as a VT cardiac complex at 1360.
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[0069] Inone embodiment, the present subject matter
can be used in an implantable cardiac defibrillator (ICD)
and/or an external medical device programmer. The
present subject matter is compatible with ICD systems
having one or more intracardiac leads having one or
more electrodes which are able to sense a first and sec-
ond cardiac signals. The present medical system can
also be implemented in an external cardioverter/monitor
system which includes surface electrodes and/or intrac-
ardiac leads having one or more electrodes. The
present subject matter can also be implemented in an
implantable atrial cardioverter-defibrillator, which may
include numerous pacing modes known in the art. Fur-
thermore, although the present system is described in
conjunction with an implantable cardiac defibrillator hav-
ing a microprocessor based architecture, it will be un-
derstood that the implantable cardiac defibrillator (or
otherimplanted device) may be implemented in any log-
ic based, custom integrated circuit architecture, if de-
sired.

[0070] Referring now to Figure 15, there is shown one
embodiment of a system, such as a medical device sys-
tem, which includes at least one pacing electrode and
at least a first defibrillation electrode and a second de-
fibrillation electrode. In one embodiment, the system in-
cludes an implantable cardiac defibrillator 1500 electri-
cally and physically coupled to at least one intracardiac
catheter 1502. In the present embodiment the intracar-
diac catheter 1502 includes the at least one pacing elec-
trode and the first and second defibrillation electrodes.
Other catheter having either the first defibrillation elec-
trode, the second defibrillation electrode or additional
defibrillation electrodes could be included in the present
system.

[0071] The intracardiac catheter 1502 shown in Fig-
ure 15 is an endocardial lead adapted to be releasably
coupled to the cardiac defibrillator 1500. The intracardi-
ac catheter 1502 has an elongate body with a proximal
end 1508 and a distal end 1510. The intracardiac cath-
eter 1502 includes a pacing electrode 1512 located at,
or adjacent, the distal end 1510 of the intracardiac cath-
eter 1502. Additional pacing electrodes can also be in-
cluded on the intracardiac catheter 1502 to allow for bi-
polar sensing and pacing with the pacing electrode
1512. In addition, other pacing and sensing electrode
configurations are also possible.

[0072] Theintracardiac catheter 1502 furtherincludes
one or more defibrillation electrodes. The intracardiac
catheter 1502 of Figure 15 includes a first defibrillation
electrode 1514 and a second defibrillation electrode
1516, where the first defibrillation electrode 1514 and
the second defibrillation electrode 1516 are defibrillation
coil electrodes. The first defibrillation electrode 1514 is
spaced apart and proximal from the pacing electrode
1512, and the second defibrillation electrode 1516 is
spaced apart and proximal from the first defibrillation
electrode 1514. One example of intracardiac catheter
1502 is an Endotak catheter (CPI/Guidant, St. Paul,
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MN).

[0073] Additional intracardiac catheters can be in-
cluded with a medical device system. For example, Fig-
ure 16 shows one embodiment of the implantable car-
diac defibrillator 1500 having an intracardiac catheter
1502 as previously described and a second intracardiac
catheter 1604. In one embodiment, the second intrac-
ardiac catheter 1604 includes a supraventricular pacing
electrode 1610. In addition to the supraventricular pac-
ing electrode 1610, the second intracardiac catheter
1604 can further include additional pacing/sensing elec-
trodes and/or defibrillation electrodes as are known.
Cardiac signals, such as an atrial cardiac signal, can be
sensed from the pacing and defibrillation electrodes po-
sitioned on the second intracardiac catheter and deliv-
ered to the implantable cardiac defibrillator 1500 for
analysis and electrical pulses can be delivered to the
supraventricular pacing electrode 1610 according to the
present subject matter.

[0074] Referring now to Figure 17, there is shown an
embodiment of a block diagram of the system of Figure
15 which includes the cardiac defibrillator 1500. The car-
diac defibrillator 1500 includes control system circuitry
1700 which is coupled to a sensing system 1702. The
sensing system 1702 includes terminals labeled with
reference numbers 1704, 1708, and 1712 for connec-
tion to electrodes coupled to the surface of the intracar-
diac catheter 1502. The pacing electrode 1512 is elec-
trically connected to terminal 1704 and to the control
system circuitry 1700 through an electrically insulated
conductor provided within the elongate body of the int-
racardiac catheter 1502. The first defibrillation electrode
1514 and the second defibrillation electrode 1516 are
connected to terminals 1708 and 1712, respectively,
and to the control system circuitry 1700 through electri-
cally insulated conductors provided within the elongate
body of the intracardiac catheter 1502.

[0075] In one embodiment, the control system circuit-
ry 1700 is encased and hermetically sealed in a housing
1716 which is suitable for implanting in a human body.
A connector block 1720 is additionally attached to the
housing 1716 of the cardiac defibrillator 1500 to allow
for the physical and the electrical attachment of the int-
racardiac catheter 1502 and the electrodes to the car-
diac defibrillator 1500 and the encased control system
circuitry 1700.

[0076] In one embodiment, the control system circuit-
ry 1700 of the cardiac defibrillator 1500 is a program-
mable microprocessor-based system, with a microproc-
essor 1724 and a memory circuit 1726, which contains
parameters for various pacing, defibrillation, and sens-
ing modes and stores data indicative of cardiac signals
received by the control system circuitry 1700. A trans-
mitter circuit 1728 is additionally coupled to the control
system circuitry 1700 and the memory circuit 1726 to
allow the cardiac defibrillator 1500 to communicate with
a medical device programmer 1730. In one embodi-
ment, the transmitter circuit 1728 and the medical de-
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vice programmer 1730 use a wire loop antenna 1734
and a radio frequency telemetric link, as is known in the
art, to receive and transmit signals and data to and from
the programmer unit 1730 and the control system cir-
cuitry 1700.

[0077] The second cardiac signal is a near-field signal
sensed through the pacing electrode 1512. In the
present embodiment, the pacing electrode 1512 and the
first defibrillation electrode 1514 are used to sense the
near-field cardiac signal or rate signal. In one embodi-
ment, the pacing electrode 1512 and first defibrillation
electrode 1514 are coupled to a sense amplifier 1740
within the sensing system 1702 to allow for the second
cardiac signal as previously described to be sensed. In
an alternative embodiment, the connections of the
present control circuit is adapted to allow for the near-
field cardiac signals to be sensed between the pacing
electrode 1512 and the housing 1716.

[0078] In the present system, the first cardiac signal
is a far-field signal. In one embodiment, the first cardiac
signal is sensed between the first defibrillation electrode
1514 and the second defibrillation electrode 1516 which
are coupled to the sense amplifier 1754. In an additional
embodiment, the connections of the present control cir-
cuitry is adapted to allow for the first cardiac signal can
also be sensed between the first defibrillation electrode
1514, the second defibrillation electrode 1516 and the
housing 1530. The control system 1700 monitors the
first cardiac signal for a first cardiac complex and the
second cardiac signal for a second cardiac complex,
where the first cardiac complex and the second cardiac
complex represent a cardiac cycle.

[0079] The output of the sense amplifier 1740 is
shown connected to an R-wave detector 1744 which is
coupled to the control system 1700. In one embodiment,
the R-wave detector 1744 determines the ventricular
rate from the sensed cardiac complexes. The ventricular
rate is then supplied to the microprocessor 1724. In one
embodiment, the microprocessor 1724 analyzes the
ventricular rate to detect when the ventricular rate ex-
ceeds a predetermined threshold. When the ventricular
rate exceeds the predetermined threshold, the micro-
processor 1724 declares a tachycardia episode. In one
embodiment, the predetermined threshold is a program-
mable value set between 150 to 180 beats per minute.
[0080] When a tachycardia episode is declared, the
R-wave detector circuit 1744 detects the second cardiac
complex in the second cardiac signal and provides the
second cardiac signal to an alignment circuit 1750 cou-
pled to the control system 1700. In one embodiment, the
alignment circuit 1750 analyzes the second cardiac
complex to locate a predetermined alignment feature on
the second cardiac complex and positions a datum at a
specified interval from the alignment feature on the sec-
ond cardiac complex.

[0081] The alignment circuit 1750 also receives the
first cardiac signal and detects the first cardiac complex
as the cardiac cycle is sensed. The alignment circuit

10

15

20

25

30

35

40

45

50

55

13

EP 1241 977 B1 24

1750 receives the first cardiac complex and the second
cardiac complex of the sensed cardiac cycle and ana-
lyzes the second cardiac complex to locate the prede-
termined alignment feature. In one embodiment, a loca-
tion algorithm according to the present subject matter
for identifying the alignment feature on the second car-
diac complex is stored in the memory 1726 and execut-
ed in the alignment circuit 1750. The alignment circuit
1750 also positions the datum at the specified interval
from the alignment feature on the second cardiac com-
plex. In one embodiment, the specified interval of the
datum is stored in memory 1726. In an alternative em-
bodiment, the alignment circuit 1750 positions the anal-
ysis window around the first and second cardiac com-
plex as previously described when an analysis window
is used to isolate a cardiac complex in a first and second
cardiac signal.

[0082] A morphology analyzing circuit 1754 is cou-
pled to the alignment circuit 1750 of the control system
1700 via bus 1758. The morphology analyzing circuit
1754 measures the voltage value of the first cardiac sig-
nal at each of two or more measurement intervals from
the datum. In one embodiment, the morphology analysis
circuit 1754 retrieves the measurement intervals from
the memory 1726. Once the first and second cardiac
complex have been aligned relative the datum, the mor-
phology analyzing circuit 1754 measures the voltage of
the first cardiac signal at each of the measurement in-
tervals from the datum.

[0083] A vector comparison circuit 1760 is coupled to
the control system 1700, including the morphology an-
alyzing circuit 1754, via bus 1758. The vector compari-
son circuit 1760 receives the voltage values measured
at the measurement intervals and creates the complex
feature vector for each of the sensed cardiac complex-
es. The vector comparison circuit 1760 then compares
the complex feature vector to the TFV. In one embodi-
ment, the vector comparison circuit 1760 calculates the
correlation coefficient between the TFV and the CFV of
each of the sensed cardiac complexes. The vector com-
parison circuit 1760 then compares the correlation co-
efficient to the predetermined threshold, 3. In one em-
bodiment, the predetermined threshold is stored in the
memory 1726. The vector comparison circuit 1760 clas-
sifies the cardiac complex as a SVT cardiac complex
when the correlation coefficient is greater than the pre-
determined threshold and classifies the cardiac com-
plex as a VT cardiac complex when the correlation co-
efficient is less than or equal to the predetermined
threshold.

[0084] In one embodiment, the sensing system 1702
detects a plurality of the cardiac cycles in the first cardiac
signal and the second cardiac signal. As the plurality of
first cardiac complexes are sensed, the vector compar-
ison circuit 1760 classifies a predetermined number of
the first cardiac complexes. The microprocessor 1724
receives the classification of the cardiac complexes as
they are classified by the vector comparison circuit
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1760. In one embodiment, the predetermined number
of the first cardiac complexes is a window of X cardiac
complexes, where a new window is created as each
subsequent cardiac complex is analyzed and classified.
When a threshold number, Y, of X of the cardiac com-
plexes are classified as VT complexes the control sys-
tem 1700 declares a VT episode. Alternatively, when the
Y of X counter fails to detect the threshold number of VT
complexes in the X complex window, the ventricular ar-
rhythmiais classified as a SVT episode. In an alternative
embodiment, as the microprocessor 1724 receives the
classification of the cardiac complexes a percentage of
the classified cardiac complexes is calculated. The cal-
culated percentage of VT complexes and SVT complex-
es sensed for the plurality of cardiac cycles during the
tachycardia episode is compared to the threshold
number, where the threshold number is a percentage
value. So, a ventricular tachycardia episode is declared
when the threshold number, or percentage, of the first
cardiac complexes from the plurality of cardiac cycles
are classified as ventricular tachycardia complexes. Al-
ternatively, a supraventricular tachycardia episode is
declared when the threshold number of the first cardiac
complexes from the plurality of cardiac cycles are clas-
sified as supraventricular tachycardia complexes. In
one embodiment, the threshold nhumber is a program-
mable value in the range of 50 to 100 percent, where a
value of approximately 70 percent is an acceptable val-
ue. The plurality of cardiac cycles sensed for classifica-
tion and used in calculating the percentage of VT and
SVT complexes is also a programmable number, where
a value in the range of 8 to 50 classified complexes,
where 10 is an acceptable value.

[0085] In one embodiment, once the ventricular epi-
sode has been classified, the microprocessor generates
a signal which is delivered to a therapy output circuit
1770. In one embodiment, the therapy output circuit
1770 generates electrical energy (e.g., cardioversion
and/or defibrillation electrical energy) which is delivered
between the first and second defibrillation electrodes.
Power for the cardiac defibrillator 1500 is supplied by
an electrochemical battery 1774 that is housed within
the cardiac defibrillator 1500.

[0086] Referring now to Figure 18, there is shown an
embodiment of a block diagram of cardiac defibrillator
1500 shown in Figure 16. The cardiac defibrillator 1500
of Figure 18 includes all the components previously de-
scribed in Figure 17. In addition, the sensing system
1702 of the cardiac defibrillator 1500 further includes
terminal 1810 for connection to the supraventricular
pacing electrode 1610 which is coupled to the surface
of the second intracardiac catheter 1604. In addition, the
connector block 1720 further includes a second socket
which is adapted to receive the second intracardiac
catheter 1604.

[0087] The sensing system 1702 is used to detect an
atrial cardiac signal with the supraventricular pacing
electrode 1610. The control system 1700 monitors the
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atrial cardiac signal for atrial cardiac complexes and cal-
culates an intrinsic atrial rate from the detected atrial
cardiac complexes. In one embodiment, the sensing
system 1702 includes an atrial signal sense amplifier
1814 which receives the atrial cardiac signal. The signal
from the atrial signal sense amplifier 1814 is delivered
to a P-wave detector circuit 1820 which detects the oc-
currence of atrial cardiac complexes (atrial contractions)
from the atrial cardiac signal. The P-wave detector cir-
cuit 1820 is coupled to bus 1758 which allow for the mi-
croprocessor 1724 to calculate an intrinsic atrial rate,
including an average intrinsic atrial rate, from the
sensed atrial cardiac complexes.

[0088] The control system 1700 of Figure 18 further
includes a pace output circuit 1824. The pace output cir-
cuit 1824 is coupled to the terminal 1810 to allow for
electrical pulses to be delivered to the supraventricular
pacing electrode at the predetermined rate, which can
be either at the intrinsic atrial rate or at a rate that is
faster than the average intrinsic atrial rate as previously
described. In one embodiment, the electrical pulses are
delivered under the control of the control system 1700.
[0089] As previously described, the control system
1700 monitors the first cardiac signal for the first model
cardiac complexes as electrical pulses are delivered to
the supraventricular pacing electrode. The morphology
analyzing circuit 1754 receives the detected first model
cardiac complexes for the creation of a template. In one
embodiment, the template is a classification algorithm
which is used to classify subsequently detected cardiac
complexes. Additionally, the morphology analyzing cir-
cuit creates a model cardiac complex from the first mod-
el cardiac complexes. Alternatively, the control system
1700 monitors the second cardiac signal for second
model cardiac complexes as electrical pulses are deliv-
ered to the supraventricular pacing electrode. The R-
wave detector circuit 1744 detects the second model
cardiac complexes in the second cardiac signal and pro-
vides the second cardiac signal to the alignment circuit
1750. The alignment circuit 1750 analyzes each of the
second model cardiac complexes to locate the prede-
termined alignment feature on each of the second model
cardiac complexes. In addition, the alignment circuit
1750 positions the datum at the specified interval from
the alignment feature on each of the second model car-
diac complexes.

[0090] The morphology analyzing circuit 1754 then
measures a voltage value of the first cardiac signal at
each of two or more measurement intervals from the da-
tum for each of the first model cardiac complexes. In
one embodiment, once the morphology analyzing circuit
1754 has measured the voltage values of the cardiac
signals the morphology analyzing circuit 1754 creates
the template feature vector from the voltage value of the
first cardiac signal at each of two or more measurement
intervals from the datum for each of the first model car-
diac complexes. In an alternative embodiment, the mod-
el cardiac complexes detected in the first and/or second
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cardiac complexes are downloaded to the programmer
1730. Once downloaded, the programmer 1730 is used
to create the template from the model cardiac complex-
es. The template is then transmitted back to the control
system 1700 where it is stored in memory 1726 for use
in analyzing and classifying cardiac complexes sensed
during a tachycardia episode.

Claims
1. A system, comprising:

a sensing system (1702, 1514, 1516, 1610)
adapted to receive a far-field signal and a near-
field signal;

a control system (1700) coupled to the sensing
system, where the control system monitors the
far-field signal for a first complex and the near-
field signal for a second complex, wherein the
first complex and the second complex repre-
sent a cardiac cycle;

an alignment circuit (1750) coupled to the con-
trol system, wherein the alignment circuit de-
tects the first complex in the far-field signal;
an R-wave detector circuit (1744) coupled to
the control system, where the R-wave detector
circuit detects the second complex in the near-
field signal and provides the near-field signal to
the alignment circuit, where the alignment cir-
cuit analyzes the second complex to locate a
predetermined alignment feature on the sec-
ond complex and positions a datum at a spec-
ified interval from the alignment feature on the
second complex; and

a morphology analyzing circuit (1754) coupled
to the control system, where the morphology
analyzing circuit measures a voltage value of
the far-field signal at each of two or more meas-
urement intervals from the datum.

2. The system of claim 1, including a vector compari-
son circuit (1760) coupled to the control system,
where the vector comparison circuit receives the
voltage values measured at the measurement inter-
vals, creates the complex feature vector for the
sensed complex, compares the complex feature
vector to a template feature vector, and classifies
the first complex based on the comparison of the
complex feature vector and the template feature
vector.

3. Thesystem of claim 2, where the vector comparison
circuit calculates a correlation coefficient (r) from
the template feature vector (TFV) and the complex
feature vector (CFV) and classifies the first complex
as a VT complex when the correlation coefficient is
less than or equal to a predetermined threshold,
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and classifies the first complex as an SVT complex
when the correlation coefficient is greater than the
predetermined threshold.

The system of claim 3, where the sensing system
detects a plurality of the cardiac cycles in the far-
field signal and the near-field signal, the vector com-
parison circuit classifies a predetermined number
of the first complexes, and the control system de-
clares a ventricular tachycardia episode when a
threshold number of the predetermined number of
the first complexes are classified as ventricular
tachycardia complexes.

The system of claim 4, where the control system
declares a supraventricular tachycardia episode
when the threshold number of the predetermined
number of the first complexes are classified as su-
praventricular tachycardia complexes.

The system of claim 2, including an electrode and
a pace output circuit, where the electrode is coupled
to the pace output circuit (1824), and the pace out-
put circuit is coupled to the control system, where
the pace output circuit delivers electrical pulses to
the electrode under the control of the control sys-
tem; and wherein

the control system monitors the far-field signal
for a first model complex and the near-field signal
for a second model complex as electrical pulses are
delivered to the electrode;

the alignment circuit detects the first model
complex in the far-field signal;

the R-wave detector circuit (1744) detects the
second model complex in the near-field signal and
provides the near-field signal to the alignment cir-
cuit, where the alignment circuit analyzes the sec-
ond model complex to locate the predetermined
alignment feature on the second model complex
and positions the datum at the specified interval
from the alignment feature on the second model
complex; and

the morphology analyzing circuit measures
the voltage value of the first model signal at each of
the two or more measurementintervals from the da-
tum to create the template feature vector.

The system of claim 6, including a transmitter/re-
ceiver (1728) coupled to the control system, where
the transmitter/receiver transmits signals to and re-
ceives signals from a medical device programmer,
where the medical device programmer transmits a
first signal to control the alignment circuit to locate
the predetermined alignment feature on the second
model complex and to position the datum at the
specified interval from the alignment feature on the
second model complex, and transmits a second sig-
nal to supply the two or more measurement inter-
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vals to the morphology analyzing circuit.

The system of claim 2, wherein the control system
monitors the far-field signal for a first model com-
plex and the near-field signal for a second model
complex during normal sinus rhythm;

the alignment circuit detects the first model
complex in the far-field signal;

the R-wave detector circuit detects the sec-
ond model complex in the near-field signal and pro-
vides the near-field signal to the alignment circuit,
where the alignment circuit analyzes the second
model complex to locate the predetermined align-
ment feature on the second model complex and po-
sitions the datum at the specified interval from the
alignment feature on the second model complex;
and

the morphology analyzing circuit measures
the voltage value of the first model signal at each of
the two or more measurement intervals from the da-
tum to create the template feature vector.

The system of claim 8, including a transmitter/re-
ceiver coupled to the control system, where the
transmitter/receiver transmits signals to and re-
ceives signals from a medical device programmer,
where the medical device programmer transmits a
first signal to control the alignment circuit to locate
the predetermined alignment feature on the second
model complex and to position the datum at the
specified interval from the alignment feature on the
second model complex, and transmits a second sig-
nal to supply the two or more measurement inter-
vals to the morphology analyzing circuit.

Patentanspriiche

System mit:

einem MefRsystem (1702, 1514, 1516, 1610)
zum Empfangen eines Fernfeld- und eines
Nahfeld-Signals;

einem mit dem MeR3system verbundenen Steu-
ersystem (1700), das das Fernfeld-Signal be-
zliglich eines ersten Komplexes und das Nah-
feld-Signal bezliglich eines zweiten Komplexes
Uberwacht, wobei der erste und der zweite
Komplex einen Herzzyklus darstellen;

einer mit dem Steuersystem verbundenen Ab-
gleichschaltung (1750), die den ersten Kom-
plex in dem Fernfeld-Signal erfafit;

einer mit dem Steuersystem verbundenen
R-Wellen-Detektorschaltung (1744), die den
zweiten Komplex in dem Nahfeld-Signal erfaf3t
und das Nahfeld-Signal an die Abgleichschal-
tung liefert, wobei die Abgleichschaltung den
zweiten Komplex analysiert, um ein vorbe-
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stimmtes Abgleichmerkmal in dem zweiten
Komplex zu lokalisieren, und eine Dateneinheit
in einem bestimmten Intervall aus dem Ab-
gleichmerkmal in dem zweiten Komplex posi-
tioniert; und

einer mit dem Steuersystem verbundenen Mor-
phologie-Analyseschaltung (1754), die einen
Spannungswert des Fernfeld-Signals in jedem
von mindestens zwei MeRintervallen der Da-
teneinheit mift.

System nach Anspruch 1, mit einer mit dem Steu-
ersystem verbundenen Vektorvergleichsschaltung
(1760), die den in den MeRintervallen gemessenen
Spannungswert empfangt, den Komplex-Merk-
malsvektor fir den gemessenen Komplex erzeugt,
den Komplex-Merkmalsvektor mit einem Muster-
Merkmalsvektor vergleicht, und den ersten Kom-
plex auf Grundlage des Vergleichs des Komplex-
Merkmalsvektors mit dem Muster-Merkmalsvektor
klassifiziert.

System nach Anspruch 2, wobei die Vektorver-
gleichsschaltung einen Korrelationskoeffizienten
(r) aus dem Muster-Merkmalsvektor (TFV) und dem
Komplex-Merkmalsvektor (CFV) berechnet, den er-
sten Komplex als einen VT-Komplex klassifiziert,
wenn der Korrelationskoeffizient kleiner oder gleich
einem vorbestimmten Schwellenwert ist, und den
ersten Komplex als einen SVT-Komplex klassifi-
ziert, wenn der Korrelationskoeffizient groier als
der vorbestimmte Schwellenwert ist.

System nach Anspruch 3, wobei das MeRsystem
mehrere Herzzyklen in dem Fernfeld- und dem
Nahfeld-Signal erfalt, die Vektorvergleichsschal-
tung eine vorbestimmte Anzahl von ersten Komple-
xen klassifiziert und das Steuersystem eine Ventri-
keltachykardie-Episode feststellt, wenn eine
Schwellenwertzahl der vorbestimmten Anzahl an
ersten Komplexen als Ventrikeltachykardie-Kom-
plexe klassifiziert wird.

System nach Anspruch 4, wobei das Steuersystem
eine supraventrikuldre Tachykardie-Episode fest-
stellt, wenn die Schwellenwertzahl der vorbestimm-
ten Anzahl an ersten Komplexen als supraventriku-
lare Tachykardie-Komplexe klassifiziert wird.

System nach Anspruch 2 mit einer Elektrode und
einer Schrittausgabeschaltung, wobei die Elektro-
de mit der Schrittausgabeschaltung (1824) und die
Schrittausgabeschaltung mit dem Steuersystem
verbunden ist, wobei die Schrittausgabeschaltung
unter Steuerung des Steuersystems elekirische
Pulse an die Elektrode liefert; und wobei

das Steuersystem das Fernfeld-Signal fir ei-
nen ersten Modellkomplex und das Nahfeld-Signal



31 EP 1241 977 B1 32

fir einen zweiten Modellkomplex tUberwacht, wah-
rend elektrische Pulse zu der Elektrode geliefert
werden;

die Abgleichschaltung den ersten Modellkom-
plex in dem Fernfeld-Signal erfaft;

die R-Wellen-Detektorschaltung (1744) den
zweiten Modellkomplex in dem Nahfeld-Signal er-
falRt und das Nahfeld-Signal an die Abgleichschal-
tung liefert, wobei die Abgleichschaltung den zwei-
ten Modellkomplex analysiert, um das vorbestimm-
te Abgleichsmerkmal in dem zweiten Modellkom-
plex zu lokalisieren und die Dateneinheit in dem be-
stimmten Intervall des Abgleichsmerkmals in dem
zweiten Modellkomplex zu positionieren; und

die  Morphologie-Analyseschaltung  den
Spannungswert des ersten Modellsignals in jedem
der mindestens zwei MeRintervalle der Datenein-
heit mif3t, um den Muster-Merkmalsvektor zu erzeu-
gen.

System nach Anspruch 6 mit einem mit dem Steu-
ersystem verbundenen Ubertrager/Empfanger
(1728), der Signale von einer Medizinvorrichtungs-
Programmeinheit empfangt bzw. an diese Uber-
tragt, wobei die Medizinvorrichtungs-Programm-
einheit ein erstes Signal Gbertragt, um die Abgleich-
schaltung so zu steuern, dal das vorbestimmte Ab-
gleichsmerkmal in dem zweiten Modellkomplex lo-
kalisiert und die Dateneinheiten in dem bestimmten
Intervall des Abgleichsmerkmals in dem zweiten
Modellkomplex positioniert wird, und ein zweites Si-
gnal Ubertragt, um die mindestens zwei MeRinter-
valle an die Morphologie-Analyseschaltung zu lie-
fern.

System nach Anspruch 2, wobei das Steuersystem
das Fernfeld-Signal fiir einen ersten Modellkom-
plex und das Nahfeld-Signal fiir einen zweiten Mo-
dellkomplex wéhren eines normalen Sinusrhyth-
mus Uberwacht;

die Abgleichschaltung den ersten Modellkom-
plex in dem Fernfeld-Signal erfaft;

die R-Wellen-Detektorschaltung den zweiten
Modellkomplex in dem Nahfeld-Signal erfalt und
das Nahfeld-Signal an die Abgleichschaltung lie-
fert, wobei die Abgleichschaltung den zweiten Mo-
dellkomplex analysiert, um das vorbestimmte Ab-
gleichsmerkmal in dem zweiten Modellkomplex zu
lokalisieren, und die Dateneinheit in dem bestimm-
ten Intervall des Abgleichsmerkmals in dem zwei-
ten Modellkomplex positioniert; und

die  Morphologie-Analyseschaltung  den
Spannungswert des ersten Modellsignals in jedem
der mindestens zwei MeRintervalle der Datenein-
heit mif3t, um den Muster-Merkmalsvektor zu erzeu-
gen.

9. System nach Anspruch 8 mit einem mit dem Steu-
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ersystem verbundenen Ubertrager/Empfanger
(1728), der Signale von einer Medizinvorrichtungs-
Programmeinheit empfangt bzw. an diese Uber-
tréagt, wobei die Medizinvorrichtungs-Programm-
einheit ein erstes Signal Ubertragt, um die Abgleich-
schaltung so zu steuern, dal® das vorbestimmte Ab-
gleichsmerkmal in dem zweiten Modellkomplex lo-
kalisiert wird und die Dateneinheiten in dem be-
stimmten Intervall des Abgleichsmerkmals in dem
zweiten Modellkomplex positioniert wird, und ein
zweites Signal Ubertragt, um die mindestens zwei
MeRintervalle an die Morphologie-Analyseschal-
tung zu liefern.

Revendications

Systéme, comprenant :

un systéme de détection (1702, 1514, 1516,
1610) adapté pour recevoir un signal de champ
lointain et un signal de champ proche ;

un systéme de commande (1700) couplé au
systeme de détection, ou le systéme de com-
mande surveille le signal de champ lointain
pour un premier complexe et le signal de
champ proche pour un second complexe, dans
lequel le premier complexe et le second com-
plexe représentent un cycle cardiaque ;

un circuit d'alignement (1750) couplé au syste-
me de commande, dans lequel le circuit d'ali-
gnement détecte le premier complexe dans le
signal de champ lointain ;

un circuit détecteur d'onde R (1744) couplé au
systeme de commande, ou le circuit détecteur
d'onde R détecte le second complexe dans le
signal de champ proche et délivre le signal de
champ proche au circuit d'alignement, ou le cir-
cuit d'alignement analyse le second complexe
pour localiser une caractéristique d'alignement
prédéterminée sur le second complexe et po-
sitionne une donnée a un intervalle spécifié a
partir de la caractéristique d'alignement sur le
second complexe ; et

un circuit d'analyse de morphologie (1754) cou-
plé au systtme de commande, ou le circuit
d'analyse de morphologie mesure une valeur
de tension du signal de champ lointain a cha-
cun de deux ou plus de deux intervalles de me-
sure a partir de la donnée.

2. Systéme selonlarevendication 1, incluant un circuit

de comparaison de vecteur (1760) couplé au sys-
teme de commande, ou le circuit de comparaison
de vecteur regoit les valeurs de tension mesurées
a des intervalles de mesure, crée le vecteur de ca-
ractéristique de complexe pour le complexe détec-
té, compare le vecteur de caractéristique de com-
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plexe a un vecteur de caractéristique de gabarit, et
classifie le premier complexe sur la base de la com-
paraison du vecteur de caractéristique de complexe
et du vecteur de caractéristique de gabarit.

Systéeme selon la revendication 2, ou le circuit de
comparaison de vecteur calcule un coefficient de
corrélation (r) a partir du vecteur de caractéristique
de gabarit (TVF) et du vecteur de caractéristique de
complexe (CFV) et classifie le premier complexe
comme complexe VT lorsque le coefficient de cor-
rélation est inférieur a ou égal a un seuil prédéter-
miné, et classifie le premier complexe comme com-
plexe SVT lorsque le coefficient de corrélation est
supérieur au seuil prédéterminé.

Systéme selon la revendication 3, ou le systéme de
détection détecte une pluralité de cycles cardia-
ques dans le signal de champ lointain et dans le
signal de champ proche, le circuit de comparaison
de vecteur classifie un nombre prédéterminé de
premiers complexes, et le systtme de commande
déclare un épisode de tachycardie ventriculaire
lorsqu'un nombre de seuils du nombre prédétermi-
né des premiers complexes sont classifiés comme
complexes de tachycardie ventriculaire.

Systéme selon la revendication 4, ou le systéme de
commande déclare un épisode de tachycardie su-
praventriculaire lorsque le nombre de seuils du
nombre prédéterminé des premiers complexes sont
classifiés comme complexes de tachycardie supra-
ventriculaire.

Systéme selon la revendication 2, incluant une
électrode et un circuit de sortie de stimulation, ou
I'électrode est couplée au circuit de sortie de stimu-
lation (1824), et le circuit de sortie de stimulation
est couplé au systeme de commande, ou le circuit
de sortie de stimulation délivre des impulsions élec-
triques a I'électrode sous la commande du systeme
de commande ; et dans lequel

le systtme de commande surveille le signal
de champ lointain pour un premier complexe de mo-
déle et le signal de champ proche pour un second
complexe de modele a mesure que les impulsions
électriques sont délivrées a I'électrode ;

le circuit d'alignement détecte le premier com-
plexe de modéle dans le signal de champ lointain ;

le circuit détecteur d'onde R (1744) détecte le
second complexe de modéle dans le signal de
champ proche et délivre le signal de champ proche
au circuit d'alignement, ou le circuit d'alignement
analyse le second complexe de modéle pour loca-
liser la caractéristique d'alignement prédéterminée
sur le second complexe de modeéle et positionne la
donnée a l'intervalle spécifié depuis la caractéristi-
que d'alignement sur le second complexe de
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modéle ; et

le circuit d'analyse de morphologie mesure la
valeur de tension du premier signal de modéle a
chacun de deux ou plus intervalles de mesure a par-
tir de la donnée pour créer le vecteur de caractéris-
tique de gabarit.

Systéme selon la revendication 6, incluant un émet-
teur/récepteur (1728) couplé au systéme de com-
mande, ou |'émetteur/récepteur émet des signaux
vers et recoit des signaux depuis un programma-
teur de dispositif médical, ou le programmateur de
dispositif médical émet un premier signal pour com-
mander le circuit d'alignement afin de localiser la
caractéristique d'alignement prédéterminée sur le
second complexe de modéle et pour positionner la
donnée a l'intervalle spécifié a partir de la caracté-
ristique d'alignement sur le second complexe de
modele et émet un second signal pour délivrer les
deux ou plus de deux intervalles de mesure au cir-
cuit d'analyse de morphologie.

Systéme selon la revendication 2, dans lequel le
systeme de commande surveille le signal de champ
lointain pour un premier complexe de modéle et le
signal de champ proche pour un second complexe
de modéle pendant le rythme sinusal normal ;

le circuit d'alignement détecte le premier com-
plexe de modeéle dans le signal de champ lointain ;

le circuit détecteur d'onde R détecte le second
complexe de modeéle dans le signal de champ pro-
che et délivre le signal de champ proche au circuit
d'alignement, ou le circuit d'alignement analyse le
second complexe de modéle pour localiser la ca-
ractéristique d'alignement prédéterminée sur le se-
cond complexe de modele et positionne la donnée
a l'intervalle spécifié a partir de la caractéristique
d'alignement sur le second complexe de modéle ; et

le circuit d'analyse de morphologie mesure la
valeur de tension du premier signal de modéle a
chacun de deux ou plus de deux intervalles de me-
sure a partir de la donnée pour créer le vecteur de
caractéristique de gabarit.

Systéme selon la revendication 8, incluant un émet-
teur/récepteur couplé au systétme de commande,
ou I'émetteur/récepteur émet des signaux vers et
recgoit des signaux depuis un programmateur de
dispositif médical, ou le programmateur de disposi-
tif médical émet un premier signal pour commander
le circuit d'alignement afin de localiser la caracté-
ristique d'alignement prédéterminée sur le second
complexe de modéle et pour positionner la donnée
a l'intervalle spécifié a partir de la caractéristique
d'alignement sur le second complexe de modele et
émet un second signal pour délivrer les deux ou
plus de deux intervalles de mesure au circuit d'ana-
lyse de morphologie.
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