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Description

Related Applications

[0001] This application claims priority to U.S. Application Ser. No. 11/441,522, entitled SYSTEMS AND METHODS
FOR SENSING VECTOR SELECTION IN AN IMPLANTABLE MEDICAL DEVICE; U.S. Application Ser. No. 11/441,516,
entitled IMPLANTABLE MEDICAL DEVICES AND PROGRAMMERS ADAPTED FOR SENSING VECTOR SELECTION;
and U.S. Application Ser. No. 11/442,228, entitled IMPLANTABLE MEDICAL DEVICE SYSTEMS HAVING INITIALI-
ZATION FUNCTIONS AND METHODS OF OPERATION, each of which was filed on May 26, 2006; and U.S. Application
Ser. No. 11/623,472, entitled SYSTEMS AND METHODS FOR SENSING VECTOR SELECTION IN AN IMPLANTABLE
MEDICAL DEVICE USING A POLYNOMIAL APPROACH, filed January 16, 2007.

Field

[0002] The present invention relates to the field of implantable medical devices. More specifically, the present invention
relates to implantable medical devices that detect cardiac activity.

Background

[0003] Implantable cardiac stimulus devices often include circuitry for detection of electrical cardiac activity to observe
a patient’s cardiac function. New and alternative methods and devices adapted for identifying and/or selecting favorable
sensing vectors are desired.
[0004] For example, document US 2005/049644 A1 discloses an implantable cardiac treatment system for choosing
an electrode vector to sense within a particular patient. The implantable cardiac treatment system determines the elec-
trode vector for continuous sensing based on which electrode vector results in the greatest signal amplitude, or some
other useful metric such as signal-to-noise ratio (SNR). The electrode vector possessing the highest quality as measured
using the metric is then set as the default electrode vector for sensing. Additionally, a next alternative electrode vector
may be selected based on being generally orthogonal to the default electrode vector. The next alternative electrode
vector may be selected based on possessing the next highest quality metric after the default electrode vector. If analysis
of the default vector is ambiguous, the next alternative electrode vector may be analyzed to reduce ambiguity.

Summary

[0005] The present invention is defined in the appended claims and, in illustrative examples, includes methods and
devices configured for analyzing sensing vectors in an implantable cardiac stimulus system. In an illustrative example,
a first sensing vector is analyzed to determine whether it is suitable, within given threshold conditions, for use in cardiac
event detection and analysis. If so, the first sensing vector may be selected for detection and analysis. Otherwise, one
or more additional sensing vectors are analyzed. In another illustrative embodiment, a set of sensing vectors are analyzed
rather than possibly identifying a suitable vector without analyzing additional vectors. A polynomial or other mathematical
formula may be used during analysis to generate a metric indicating the suitability of the sensing vector for use in cardiac
event detection and analysis. In another example, a look-up table or chart may be used to generate a metric indicating
the suitability of the sensing vector. A detailed illustrative example includes methods for analyzing sensing vectors by
the use of a scoring system. Additional illustrative examples include systems and devices adapted to perform at least
these methods. One such illustrative example includes an implantable medical device, which may be an implantable
cardioverter/defibrillator, adapted to perform these methods. Another example includes a programmer configured to
perform these methods including certain steps of directing operation of an associated implanted or implantable medical
device. Yet another illustrative example includes a system having both an implantable device and a programmer, where
steps of performing sensing vector analysis are cooperatively performed by each of the devices.

Brief Description of the Drawings

[0006]

FIGS. 1A-1B, respectively, show subcutaneous and transvenous implanted cardiac stimulus systems relative to the
heart;
FIG. 2 is a block diagram illustrating a method of initialization for an implantable cardiac stimulus system;
FIGS. 3A-3B are graphical representations of cardiac signals illustrating an analytical form for identifying QRS and
T-Waves;
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FIG. 4 is a graph showing treatment of a cardiac signal for explanatory purposes;
FIGS. 5A-5B illustrate a block diagram for a method of signal vector analysis;
FIG. 6 illustrates a simplified model of an illustrative method;
FIGS. 7A-7B illustrate a block diagram for a method of signal analysis within the vector analysis of FIGS. 5A-5B;
FIG. 8 illustrates a block diagram for a method of assessing cardiac signal quality;
FIGS. 9A-9C illustrate a block diagram for a method of analyzing a cardiac signal;
FIGS. 10A-10C are graphs illustrating mathematical relationships used in illustrative embodiments;
FIGS. 11A-11B illustrate a block diagram for a method of signal vector analysis;
FIG. 12 is a block diagram illustrating a method in which a primary sensing vector and a secondary sensing vector
are selected for use in detecting and analyzing cardiac events;
FIG. 13 is a block diagram for an illustrative embodiment; and
FIG. 14 is a block diagram for another illustrative embodiment.

Detailed Description

[0007] The following detailed description should be read with reference to the drawings. The drawings, which are not
necessarily to scale, depict illustrative embodiments and are not intended to limit the scope of the invention.
[0008] FIGS. 1A-1B, respectively, show subcutaneous and transvenous implanted cardiac stimulus systems relative
to the heart. Referring to FIG. 1A, the patient’s heart 10 is shown in relation to an implanted, subcutaneous cardiac
stimulus system including a canister 12. A lead 14 is secured to the canister and includes sensing electrode A 16, coil
electrode 18, and sensing electrode B 20. A can electrode 22 is shown on the canister 12. Several vectors for sensing
are therefore available including A-can, B-can, and A-B. It should be understood that each pair of electrodes actually
makes up a first vector of a first polarity and a second vector of a second, opposite polarity; for convenience, reference
is made simply to the combination of electrodes. It should be noted that the use of the coil electrode 18 as a sensing
electrode is also possible. In addition to sensing cardiac activity through cardiac electrical signals, any or all of the
electrodes may be used to detect respiration or other physiological activity or status. Illustrative subcutaneous systems
are shown in U.S. Pat. Nos. 6,647,292 and 6,721,597, and the disclosures of these patents are incorporated herein by
reference. Some embodiments include a unitary system having two or more electrodes on a housing as set forth in the
’292 patent, rather than that which is shown in FIG. 1A. A unitary system including an additional lead may also be used.
[0009] Referring now to FIG. 1B, a transvenous system is shown relative to a patient’s heart 30. The transvenous
cardiac stimulus system includes a canister 32 connected to a lead 34. The lead 34 enters the patient’s heart and includes
electrodes A 36 and B 38. Additional electrodes for sensing or stimulus delivery may also be included, and also may be
used for sensing in some embodiments of the present invention. In the illustrative example, electrode A 36 is located
generally in the patient’s ventricle, and electrode B 38 is located generally in the patient’s atrium. The lead 34 may be
anchored into the patient’s myocardium. The lead 34 may also include one or more coil electrodes, either interior to or
exterior to the heart, as shown at 39, which may be used to deliver stimulus and/or to sense cardiac or other activity,
such as respiration. A can electrode 40 is shown on the canister 32. With this system, plural sensing vectors may be
defined as well, in first and second polarities. In both FIGS. 1A and 1B, one or more sensing electrodes may also be
used for stimulus delivery. Some embodiments of the present invention may be used in combination systems that may
include sensing vectors defined between two subcutaneous electrodes, a subcutaneous electrode and a transvenous
electrode, or two transvenous electrodes.
[0010] In the configurations of FIGS. 1A and 1B, there are multiple sensing vectors available. Detection of cardiac
function along at least one of these sensing vectors allows the implanted cardiac stimulus system to determine whether
treatment is indicated due to the detection and identification of a malignant condition such as, for example, a ventricular
tachycardia. An implanting physician may perform vector selection by directly diagnosing which of the captured vectors
is best. However, this requires an assessment of cardiac function along several vectors and may increase the time
needed to perform implantation, and also increases the risk of human error. Further, if the physician is needed to perform
vector selection, as patient physiology changes (which may happen as scarring develops around an implanted sensing
electrode), the system is at risk of using a sub-optimal sensing vector until the patient re-visits the physician. Finally, the
selection of a vector has often been a task requiring specialized training, as selection of a suitable vector among those
available is not necessarily intuitive.
[0011] A robust sensing vector selection method is desirable, as well as devices adapted to perform such methods.
The present invention, in illustrative embodiments, provides such methods and uses various criteria for doing so. Some
embodiments include implantable devices and programmers for implantable devices that are adapted to perform such
methods.
[0012] The systems shown in FIGS. 1A-1B may include operational circuitry and a power source housed within the
respective canisters. The power source may be, for example, a battery or bank of batteries. The operational circuitry
may be configured to include such controllers, microcontrollers, logic devices, memory, and the like, as selected, needed,
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or desired for performing the illustrative methods set forth herein. The operational circuitry may (although not necessarily)
further include a charging sub-circuit and a power storage sub-circuit (for example, a bank of capacitors) for building up
a stored voltage for cardiac stimulus taking the form of a cardioversion and/or defibrillation stimulus. The operational
circuitry may also be adapted to provide a pacing output. Both cardioversion/defibrillation and pacing sub-circuitry and
capacities may be incorporated into a single device. The methods discussed below may be embodied in hardware within
the operational circuitry and/or as instruction sets for operating the operational circuitry and/or in the form of machine-
readable media (optical, electrical, magnetic, etc.) embodying such instructions and instruction sets.
[0013] Each of the devices 12, 32 may further include such components as would be appropriate for communication
(such as RF communication or inductive telemetry) with an external device such as a programmer. To this end, pro-
grammers 24 (Figure 1A) and 42 (Figure 1B) are also shown. For example, during an implantation procedure, once the
implantable device 12, 32 and leads (if included) are placed, the programmer 24, 42 may be used to activate and/or
direct and/or observe diagnostic or operational tests. After implantation, the programmer 24, 42 may be used to non-
invasively determine the status and history of the implanted device. The programmer 24, 42 and the implanted device
12, 32 are adapted for wireless communication allowing interrogation of the implanted device. The programmers 24, 42
in combination with the implanted devices 12, 32 may also allow annunciation of statistics, errors, history and potential
problem(s) to the user/physician.
[0014] In some embodiments, the following illustrative methods are performed directly by the implanted devices 12,
32 either independently (periodically or occasionally) or at the direction of a programmer 24, 42. In other embodiments,
the following methods are performed by using the implanted devices 12, 32 to perform data capture, with the programmer
24, 42 performing other analytical steps by downloading captured data (for example, in real time, or in blocks of prede-
termined size). The programmer 24, 42 may prompt data capture suitable for the illustrative methods below, and the
programmer 24, 42 may then direct the implanted device 12, 32 to utilize a selected vector. Some methods may be
performed by distributing appropriate tasks between the implanted device 12, 32 and the programmer 24, 42.
[0015] FIG. 2 is a block diagram illustrating a method of detection initialization for an implantable cardiac stimulus
system. For the vectoring method, a detection threshold for the implantable cardiac stimulus system is initialized by
performing a process of detection with one or more available sensing vectors. For example, the method steps shown
in FIG. 2 may be performed for sensing vectors A-Can, B-Can, and A-B, shown in FIGS. 1A-1B. The steps may also be
performed using vectors including the shocking/coil electrode 18 shown in Figures 1A as well as any stimulus electrodes
in FIG. 1B, although the set under consideration is reduced for illustrative purposes in the following examples to A-Can,
B-Can, and A-B.
[0016] A vectoring method is a method of analyzing one or more available sensing vectors to select a sensing vector
for use in cardiac event detection. The method in FIG. 2 is used to set the sensing parameters for a vectoring method.
FIG. 2 includes first setting an initial sensing floor, as shown at 50, preferably in a relatively low range (high sensitivity)
so that the device will detect cardiac events that exceed the detection floor. For example, this initial sensing floor may
be set to a percentage of a historical value measured over a number of previously detected cardiac events, specific to
the patient, a patient population, a particular implantation configuration, or other suitable variables.
[0017] As shown at block 52, several iterations of a sub-method are performed. In block 52, an event is detected, as
shown at 54, and the detection floor is then raised, as shown at 56. The event detection 54 may occur when the detection
floor is crossed by the sensed signal, and may be followed by a refractory period during which detection is disabled.
Iterations in block 52 may continue until a timeout occurs, as shown at 58. The timeout 58 may occur, for example, when
a 2-second period of time expires without a detection occurring. The timeout may indicate the detection floor has been
raised above the received signal strength for cardiac events.
[0018] After the timeout at 58, the vectoring detection floor is set to a percentage of the detection floor that led to the
timeout 58, as shown at 60. For example, the vectoring detection floor may be set to about 40% of the level that led to
the timeout. Next, time periods are set, as shown at 62, and vectoring analysis is performed as shown at 64. The time
periods are explained by reference to FIGS. 3A-3B. The vectoring detection floor may be set differently for each of the
sensing vectors being analyzed, since each vector may produce a different signal strength than the other vectors. For
example, the method shown in FIG. 2 may be repeated for each of several vectors prior to performing any vectoring
analysis 64, or the method of FIG. 2 may be performed as a part of vectoring analysis for each individual vector.
[0019] FIG. 3A is a graphical representation of a cardiac signal illustrating an analytical form for identifying QRS and
T-Waves. A cardiac signal is shown at 80. A vectoring detection threshold is shown at 82. An event is detected at 84,
when the cardiac signal 80 crosses the vectoring detection threshold 82. A refractory period 86 occurs following the
detection 84. After the refractory period 86, a one or more continuation time (CT) period(s) occur, as shown at 88. The
peak occurring during the refractory period 86 is at least initially assumed to be the R-wave, as shown at 90. A peak
signal value is identified during the CT period, as shown at 92, and is assumed to be noise. This peak 92 may be the
T-wave, but is not necessarily so. In an illustrative example, the refractory period 86 lasts 160 milliseconds, and the CT
period(s) 88 last 220 milliseconds, although these values may vary in other embodiments.
[0020] In the illustrative example, it is assumed (for vectoring purposes) that the longest QT interval will be about 400
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milliseconds, and so the peak value detected during the CT period 88 is assumed to be the T-wave. The illustrative
method, with the parameters given above, is adapted for use with a patient having a heart rate of 30-150 beats-per-
minute (bpm). The detection threshold 82 is effective during the CT period 88, such that, if the sensed signal crosses
the detection threshold 82 during the CT period 88, this will be treated as another detection.
[0021] FIG. 3B illustrates that a new detection 94 will be defined for a threshold crossing during the CT period 88A
that follows a first refractory period 86A associated with a first detection 96. The new detection 94 has its own refractory
period 86B and CT period 88B. Given a rate of 150 bpm or less, the detections shown in FIG. 3B indicate a double
detection, as the detections are too close together. It can be seen that, when double detection occurs, sensing outside
of the CT periods 88A, 88B may not happen, although this is not always the case. As explained further below, the present
methods are adapted to select at most one of the detections 94, 96 as representative of a heart beat, while determining
that the other detection 94, 96 is noise.
[0022] Because the different sensing vectors may detect events in different forms, and because the targeted population
for such devices often has abnormal cardiac function, a prototypical PQRST form, as shown in FIG. 3A, may not always
occur. For example, the T-wave may be relatively larger than the R-wave. Some of the present methods also include
an ability to set a flag that calls for an attending physician (the "operator") to observe the cardiac signal and determine
whether the R-wave or T-wave has a greater amplitude. When certain conditions are met, the flag is set and the operator
may be asked for input.
[0023] FIG. 4 is a graph showing treatment of a. cardiac signal for explanatory purposes. During the vectoring example
that follows, the captured cardiac signal is marked to identify events. The signal, shown at 100, is detected relative to a
detection threshold 102. When the signal 100 exceeds the detection threshold 102, this is marked as an event. The
chronologically most recent event is marked event i, as shown at 106, while a contiguously prior event is marked i-1, as
shown at 104. The duration of time between detections 104 and 106 is defined as intervali, while the amplitude of peak
106 is peaki, and the height of the noise peak following peak 106 is noisei. One goal is to define the detected events
and portions of the cardiac signal in a manner as shown in FIG. 4; the methods of FIGS. 5A-5B, as well as other methods
shown below, are adapted to achieve this goal, when possible.
[0024] FIGS. 5A-5B illustrate a block diagram for a method of sensing vector analysis. The illustrative method starts
at 130. A first vector is analyzed, as shown at 132. The details of analysis are further explained elsewhere. This analysis
may include performing the method of FIG. 2, or the thresholds defined in FIG. 2 may be defined prior to performing the
method for the first vector or more vectors. The analysis at 132 may provide a Score, as shown at 136, or cannot provide
a Score, and instead provides Possible Scores, as shown at 134.
[0025] The use of "Score" and "Possible Scores" terms should be explained. In an illustrative example, the vectoring
analysis observes parameters of the sensed cardiac signal to determine whether the signal is likely useful for cardiac
event detection. In an illustrative example, interval and/or amplitude analysis is used to determine whether "good"
detections are occurring. A "good" detection may have a desirable range of signal-to-noise ratio (SNR) and/or amplitude,
and may avoid detecting undesired "events" (artifacts). If the analysis indicates regular detections are occurring, and
early detections are not occurring, a Score is calculated for the sensing vector. The Score is an example of a metric for
the received signal that indicates the quality of the sensing vector for cardiac event detection purposes. In an illustrative
embodiment, the Score is calculated by the use of a polynomial including terms relating to the SNR and/or amplitude of
captured signal(s). In another illustrative embodiment, the Score is calculated by the use of a look-up table or chart
which may, again, relate to the SNR and/or the amplitude of the captured signal(s).
[0026] If the analysis does not, with certainty, parse out noisy detections from actual cardiac event detections, then
two or more Possible Scores may be calculated, each based on an assumed resolution of the ambiguity or uncertainty
that prevents calculation of a score. For example, two Possible Scores may be calculated, one assuming the QRS peak
exceeds the T-wave or other noise peak, and the other assuming the QRS peak does not exceed the T-wave or other
noise peak. The following illustrative examples utilize a particular calculation of Scores and Possible Scores for sensing
vectors, the details of which may be modified in various suitable ways. It is sufficient that the Score or other metric
provide an indication of the quality of the signal captured along a sensing vector for purposes of cardiac event detection
and/or analysis.
[0027] Returning to the example in FIG. 5A, if the analysis yields only Possible Scores, as indicated at 134, a question
flag is set for the first vector, as shown at 138. The question flag indicates that the operator may need to provide input
to the vectoring process to determine which of the Possible Scores is the correct Score to use for the first vector by
observing whether "QRS > T-wave?". However, rather than immediately asking the operator’s assistance, the method
instead analyzes the second vector, as shown at 140.
[0028] Returning to step 136, if a Score is provided for the first vector, the method next determines whether the Score
for the first vector exceeds a predetermined threshold, as shown at 142. In the illustrative method, if the threshold is
exceeded, this indicates that the first vector provides excellent sensing, and further analysis is deemed unnecessary.
Therefore, if the threshold is exceeded for the first vector, the method ends by selecting the first vector, as indicated at
144. Otherwise, the method goes on to analyze the second vector, as shown at 140.
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[0029] Steps 142 and 144 represent an early exit condition for the system, which may allow it to terminate vector
selection early when a "good" vector is identified. In another embodiment, as discussed below by reference to FIG. 14,
early exit conditions may be omitted and/or disabled. The system would then be configured to test each vector before
making a selection of one vector over the others. In an illustrative example, a vector with a highest score may be chosen
when early exit conditions are disabled or unavailable. In another illustrative example, each vector is analyzed, and
vector selection occurs in a preferential manner in which a first "preferred" vector is compared to a threshold in a manner
similar to that of steps 142 and 144 after analysis of every vector.
[0030] As with the first vector, analysis of the second vector yields either a Score, as indicated at 152, or a Cannot
Score and instead provides Possible Scores, as shown at 150. If Possible Scores are provided, the question flag is set
for the second vector, as shown at 154. The method then goes to A, as shown at 156, which continues in FIG. 5B.
[0031] If analysis of the second vector yields a Score, the method continues from block 152 to determine whether the
Score for the second vector exceeds a threshold, as shown at 158. Again, if the threshold is exceeded, this indicates
the second vector provides excellent sensing and so the method ends by selecting the second vector, as shown at 160.
As before, the early exit conditions of steps 158 and 160 may be disabled or omitted. Otherwise, the method continues
to A 156 in FIG. 5B. The steps shown for the first and second vectors may be repeated for any number of vectors,
depending upon the particulars of the implantable cardiac stimulus system.
[0032] Referring to FIG. 5B, from A 156, the method determines whether any of the question flags have been set, as
shown at 162. If not, the method simply selects the sensing vector with the best Score, as shown at 164. If one or more
flags have been set, the method continues at 168 by analyzing the Possible Scores. The operator (the attending physician)
may be asked questions regarding any of the relevant Scores or Possible Scores.
[0033] The analysis at 168 may include determining whether any questions need to be asked. In one embodiment, if
any vector yields a Score, no question is asked of the operator. In this way, the operator simply allows the implanted
device to select a sensing vector unless input is, in fact, necessary.
[0034] In another embodiment, if at least one vector yields a Score, and none of the available Possible Scores from
other vectors exceeds all available scores, the operator is not asked any question, since the Possible Scores cannot
provide the best available vector. The operator may be asked only relevant questions by selecting the vector having the
best Possible Score first. If needed, the operator is asked the question(s), as shown at 170. If the operator answer
eliminates the best Possible Score, the method may iterate to ask additional questions relative to one or more next-best
Possible Scores. Or, if the answer eliminates the best Possible Score, and the remaining highest score is a Score, rather
than a Possible Score, a corresponding sensing vector is selected. Then, the sensing vector with the best Score is
selected, as shown at 164.
[0035] In yet another embodiment, the implanted device may initiate the vector selection process itself, when it is not
in communication with the programmer. This may be the case, for example, if the device determines, during operation,
that it cannot accurately observe cardiac activity using a selected vector. If the implanted device initiates vector selection
when it is not in contact with a programmer, it cannot request or receive user input. In this instance, if no vector scores
can be generated, the device may return to observing with the previously used vector, even though it has been found
poorly suited. This circumstance of poor operation may be addressed by some embodiments in which the vectoring
method identifies a first, primary or default vector as well as a second, back-up vector, as is further discussed below.
[0036] It should be noted with respect to FIGS. 5A-5B that the portion of the method shown in FIG. 5A selects a vector
depending on whether the vector provides a sufficient Score. The portion of the method in FIG. 5B, on the other hand,
selects the vector with the best Score.
[0037] In some embodiments, both first and second sensing vectors are selected, with the first sensing vector being
a primary or default sensing vector and the second sensing vector being an alternative or clarifying vector. For example,
during a given cardiac episode, if the first vector provides at best ambiguous indications of whether therapy is needed,
the second vector may be used to resolve any ambiguity. In other embodiments, a second sensing vector may be
identified during the initialization procedure in case, at a later time, the first sensing vector becomes unsuitable (due to
changes in physiology, external noise, etc.) or unavailable (due to mechanical failure, for example). For embodiments
identifying first and second sensing vectors, the method of FIGS. 5A-5B may simply continue, using similar steps and
processes, until a second vector is identified in like fashion. Third and additional vectors may also be identified.
[0038] An illustrative method is shown by FIG. 6. A sensed signal is parsed using detection techniques into various
significant features including, for example, peak amplitudes, intervals between peaks, and noise levels between peaks.
FIGS. 5A and 5B illustrate an analytical form for this first step. Next, the features identified by the detection techniques
are further analyzed to reduce the number of variables under consideration. In the illustrative example of FIG. 6, a set
of {n} detected events is analyzed to generate a set of {a} identified QRS peaks and associated noise levels, where the
only known relationship between n and a is that n≥a. Because the sensed signal may not readily parse and condense
into the data pairs shown, allowance is made for ambiguity during signal processing by carrying forward "additional data"
as well. The additional data may include temporal data indicating when detected events occur. If necessary, the impli-
cations of the "additional data" may be determined by seeking user input, as further set forth below.
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[0039] FIGS. 7A-7B illustrate a block diagram for a particular form of the method of Figure 6. The example illustrated
in FIGS 7A-7B is a particular form for transferring data related to a sensing vector into metrics for evaluating the merits
of a given sensing vector against one or more thresholds and/or other sensing vectors. From start block 200, the illustrative
method identifies a detection threshold for vectoring, as shown at 202. In some embodiments, step 202 may be achieved
by the method of FIG. 2, for example. Next, the illustrative method captures {n} contiguous detected events, as indicated
at 204. The "detected events" may occur when the detection threshold is crossed by the sensed signal.
[0040] Selected data samples associated with the detected events are also kept for analysis. In an illustrative embod-
iment, n=11, although other larger or smaller sets of events may also be used. An iterative analysis follows for events
marked initially with the i variable, with the iterative method continued until i≥n, although in some embodiments the
method may abort if it becomes clear that the vector being considered is unsuitable. For the first iteration, coming from
block 204, the illustrative method uses i=1 and also sets another variable a=1.
[0041] The loop then starts for the {n} detected events by considering the interval between a first (i-1) event and a
second (i) event. As shown at 206, an interval between the ith event and the i-1th event, Interval(i), is compared to a
threshold, with 400 milliseconds used for illustrative purposes. If the threshold is not exceeded, the method continues
at B, as shown at 210, in FIG. 7B, unless, as indicated at step 208, the first interval was being considered (Interval(1)),
in which case the method simply iterates to i=2, as shown at 212, and loops back to step 206 again. If, at 206, the interval
is greater than the threshold, then the interval is stored as Interval(a), as shown at 214, and the peak captured during
the ith refractory period is stored as QRS(a), as shown at 216.
[0042] The interval between i and i+1 (Interval(i+1)) is then considered as shown at 218, and compared to a threshold,
which is again shown for illustrative purposes, as 400 milliseconds. If at 218 the threshold is exceeded, then the peak
signal captured during CT(i), the continuation time that follows refractory for the ith detection, is stored as Noise(a), as
indicated at 220. The method then iterates as shown at 222, and returns to step 206 but with i=i+1 and a=a+1.
[0043] Returning to step 218, if the (i+1)th interval considered there does not exceed the threshold, then the refractory
peak that caused the latter detection is stored as Noise(a), as shown at 224. This occurs because it is assumed that the
latter detection occurred too close to the prior detection to be another QRS complex. The illustrative 400-millisecond
threshold interval is used in association with a method that should be performed when the patient’s heart rate is in the
range of about 30 to 150 beats-per-minute (bpm). Detections occurring with less than a 400-millisecond interval would
correspond to a higher beat rate (150 bpm or more), and therefore the method assumes that shorter intervals indicate
one or more detections are caused by noise. The method may be tailored to other patient beat rates, if desired.
[0044] From 224, the next iteration starts at 226 after another iteration, this time with i=i+2 and a=a+1. The i variable
receives a double iteration since, as shown at 224, the (i+1)th peak is considered to be noise. When returning to step
206, in some embodiments the next interval is taken from i-2 to i, spanning the i-1 event that has been identified as likely
occurring due to noise. For example, at a microcontroller level, a flag may be set to indicate double iteration at step 226,
with the flag being reset once the interval is considered in step 206.
[0045] Turning now to FIG. 7B, the method picks up at block B 210, which continues from block B 210 in FIG. 7A. As
shown at 232, the method continues by determining whether a "Long QT" condition has been checked. In an illustrative
embodiment, the "Long QT" condition allows an operator to indicate to the implantable device system and/or the pro-
grammer that the patient is susceptible to a long interval between the Q and T signals. For such a patient, the T-wave
is likely to occur rather late after the R-wave in the overall cardiac cycle. By reference to the analysis using a refractory
period and CT interval, as shown in FIG. 3A-3B, a "Long QT" patient may experience the T-wave after expiration of the
CT interval. This may cause the detection circuitry to detect a threshold crossing due to the T-wave artifact after the CT
time period expires in one or more sensing vectors.
[0046] If the "Long QT" condition is checked, the method continues with amplitude analysis, as indicated at 234. An
illustrative method of amplitude analysis 234 is further explained below by reference to FIGS. 8 and 9A-9C. After amplitude
analysis at 234, the method iterates using i=i+1, and returns to block C 228 in FIG. 7A, which ultimately sends analysis
to block 206. It should be noted that the {a} variable is not iterated here, as the data elements QRS(a) and Noise(a)
have not been filled with data during amplitude analysis at 234.
[0047] If the "Long QT" condition is not checked at block 232, the method determines whether Interval(i-1) and Interval(i)
are very similar in length. In an illustrative example, the intervals are considered to be very similar in length when their
durations are within 50 milliseconds of one another, for example, 300 milliseconds is considered very similar in length
to 320 milliseconds, although the exact parameters for determining similarity may vary. If the intervals are very similar
in length at 238, the method continues with amplitude analysis, as shown at 234, as before.
[0048] If the intervals compared at 238 are not similar, the method determines whether Interval(i) is longer than
Interval(i-1), as shown at 240. If so, then Peak(i) is stored as QRS(a), as shown at 242. Otherwise, if Interval(i-1) is not
shorter than Interval(i), the method decrements the {i} variable to i=i-1, as indicated at 244, and continues to step 242.
Using either course, the method continues from step 242 to D, as shown at 230, which returns to FIG. 7A, directing the
method to step 218.
[0049] Detected events that are analyzed in FIGS. 7A-7B and found to be QRS events are placed in a QRS bin, while
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events that are found to be noise are placed in a Noise bin. Those events that undergo amplitude analysis are placed
in bins as illustrated in FIG. 8. In some embodiments, the method may be aborted if too many events are placed in bins
for amplitude analysis, although this is not necessarily the case.
[0050] FIG. 8 illustrates a block diagram for a method of assessing cardiac signal quality. This method may be a part
of the amplitude analysis 234 shown in FIG. 7B. From start block 250, the method receives a pair of events a and b, as
shown at 252. Event b is to be placed in one of several bins, as indicated at 254, depending upon the relative amplitudes
of events a and b. More particularly, if the amplitudes of peaks a and b are more or less equal, within +/- 15% margin,
event b is placed in the EQUAL bin, as shown at 260, 262. If peak b is larger than peak a, outside of the margin for the
two being equal, then b is placed in the HIGH bin, as shown at 256, 258. Conversely, if peak a is much greater than
peak b, then b is placed in the LOW bin, as shown at 264, 266. The binning process of FIG. 8 is used later in FIGS. 9A-9C.
[0051] FIGS. 9A-9C illustrate a block diagram for a method of analyzing a cardiac signal. The method of FIGS. 9A-
9C is a method for calculating a Score for a given vector. The method assumes the use of the methods of FIGS. 7A-7B
to analyze {n} contiguous detected events. These events, as explained above, may generate paired Noise and QRS
data elements, which are separated and placed in a QRS bin and a NOISE bin. Also, with the amplitude analysis of FIG.
8, some events related to ambiguous intervals may be placed in bins for HIGH, LOW and EQUAL.
[0052] For illustrative purposes, the example of FIGS 9A-9C uses n=11 as the number of initially detected events. In
other embodiments, any suitable number of events may be used. The parameters used in the following example are
merely illustrative of one manner of performing the method, and may be modified to suit other systems, specific circum-
stances, or variables. The method of FIGS. 9A-9C begins at a start block, and determines whether 6 or more of the
n=11 detections have been placed into the QRS bins, as shown at 300. If not, the method continues with block X 302
in FIG. 9B. This condition may also be a condition in which a set of detections are considered and, if more than half of
the detections are in the QRS bins, the condition at 300 is met.
[0053] If there are 6 or more detections in the QRS bin, then the average amplitudes for noise and QRS bins are
calculated, as shown at 304. An illustrative method of performing this calculation is shown in block 306. The standard
deviation is determined for the noise data, as well as the mean. Then the average is calculated by excluding any outlying
data (illustratively, data that falls outside of one standard deviation of the mean). The process is repeated for the QRS
data as well. Alternatively, the method shown in block 312 may be used instead to calculate averages for one or both
of Noise and QRS data. In this somewhat simpler method, a highest data point and/or a lowest data point are removed
from the data set and the average is calculated using the reduced data set, as shown at 312.
[0054] The SNR is then calculated as the ratio of the average amplitude of the remaining events in the QRS bin to the
average of the amplitudes stored in the NOISE bin, as shown at 308. Next, the SCORE is calculated using the average
amplitude of the remaining events in the QRS bin along with the SNR, as shown at 310.
[0055] Next, a value for use in scoring based on the average QRS amplitude (QRSAvg). In an illustrative example, the
following general polynomial formula is used: 

Where:

It should be noted that the limits for QRSAvg, in this illustrative embodiment, are 0 < QRSAvg < 4.0. A graph illustrating
the relationship between SA and QRSAvg is shown in FIG. 10A.
[0056] The illustrative Scoring method further includes calculating a value SR as: 

Where: if SNR ≤ 3.5, CR = 0.1;
if 3.5 < SNR ≤ 10, CR = 1; and
if SNR > 10, SR = 100

GAIN = 64.0 N1 = -34.7222
N2 = 0.2326 N3 = -0.6047
D1 = 0.3008 D2 = -0.7821
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It should be noted that the variable SR is given a constant value when the SNR is greater than 10, at least in part to
avoid over-contribution of large SNR to the final Score calculation. A graph illustrating the relationship of SR to SNR is
shown in FIG. 10B.
[0057] In some embodiments, the dynamic range of the analysis system for use in association with the vector under
consideration may be identified depending upon the average value found and/or the mean of the QRS data. For example,
the method may include selecting a dynamic range for the analog-to-digital converter, incoming signal amplifier, or other
component(s) of the system. In an illustrative example, a higher order polynomial in one variable (i.e. in QRSAvg) is used
to find the score as follows: 

Where, if QRSAvg ≤ 2.0,

And, if QRS Avg > 2.0,

The illustrative method utilizing these coefficients is adapted for use in a system in which the electronics that receive
the patient’s cardiac signals can have a first dynamic range of up to 2.0 millivolts and a second dynamic range of up to
4 millivolts. With such a system, peak amplitudes for the QRS in the 1.7-2.0 millivolt range create a likelihood of clipping
and/or difficulty in using only one of the two dynamic ranges all the time. Likewise, peak amplitudes in the range of
3.5-4.0 millivolts create a likelihood of clipping as well, making this a less preferred range.
[0058] A graph comparing SA to QRSAvg with this sixth-order polynomial formula is shown in FIG. 10C, and it can be
seen that SA is given first and second peaks, with a dip in the region where QRSAvg is about 1.7-2.0 volts. The above
illustrates use of a general polynomial (using series functions such as the exponential and natural logarithm) as well as
use of an nth order, non-continuous polynomial. These formulae are merely illustrative, and other polynomial forms may
also be used. Further, as shown by the embodiment of FIG. 10A, there is no need to specially configure the system for
input electronics having adjustable or multiple dynamic ranges, unless so desired.
[0059] Rather than a formula, a look-up table may also be used to calculate SA and SR. In an illustrative example, the
following lookup table is used to find the SCORE:

C1 = 22.5718 C2 = -105.9666 C3 = 160.2345
C4 = -88.9262 C5 = 29.6019 C6 = -1.2859
C7 = 0.0087

C1 = 56.5544 C2 = -1069.9959 C3 = 8310.0056
C4 = -33849.9682 C5 = 76139.7271 C6 = -89551.3405
C7 = 43035.7880

LOOKUP TABLE

SA Amplitude Range (mV) SR SNR

0.5 ≤  0.5 0.5 ≤ 3

5 0.5-0.65 1 3 - 3.5

10 0.65 - 0.8 25 3.5 - 4

18 0.8 - 1.0 50 4-5

30 1.0 - 1.7 75 5 - 7.5

20 1.7 - 2.0 100 > 7.5

40 2.0 - 3.0

15 3.0 - 3.5

0.5 3.5 - 4.0
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The illustrative lookup table is adapted for a system in which the device is adapted to sense with either a LOW or HIGH
amplitude input, having dynamic ranges of either 62.0 millivolts or 64.0 millivolts. For this illustrative system, peak
amplitudes in the 1.7-2.0 millivolt range create a likelihood of clipping and/or difficulty in using only one of the two dynamic
ranges all the time. Likewise, peak amplitudes in the range of 3.5-4.0 millivolts create a likelihood of clipping as well,
making this a less preferred range such that a lower SA factor is provided. The lookup table may be adapted for other
systems having different characteristics.
[0060] In some embodiments, the dynamic range of the analysis system for use in association with the vector under
consideration may be set depending upon the average value found and/or the mean of the QRS data. For example, the
method may include selecting a dynamic range for the analog-to-digital converter, incoming signal amplifier, or other
component(s) of the system.
[0061] Next, the Score is determined from: 

Referring again to FIG. 9A, with the Score calculated at 310, scoring is complete, and the method ends.
[0062] Turning now to FIG. 9B, the method picks up at block X 302, coming from FIG. 9A. The method determines
whether there are 6 or more (again, out of 11, although these numbers may be varied) detections in the EQUAL bin, as
indicated at 320. If so, the sensing vector under consideration is yielding too many ambiguous results and too much
noise, causing overdetection that the system has a difficult time resolving. Therefore, the sensing vector is declared
bad, as shown at 322, and the scoring method ends as no Score can be returned for the vector under consideration.
The overall vectoring method would, at this point, continue analysis with a different sensing vector or, if all vectors have
been analyzed, proceed to select the best vector among those not declared bad vectors.
[0063] If the condition at 320 is not true, then it is determined whether there are at least 3 (of 11) detections in the
QRS bin, as indicated at 324. If not, the method continues at block Y 326 and on to FIG. 9C. If there are 3 or more
detections in the QRS bin, the method continues at 328, where the Average for NOISE and QRS are each calculated.
This may be performed in accordance with one of the methods of blocks 306 or 312 of Figure 9A, although due to the
reduced data set initially under consideration, the method of block 312 may be more useful, as the statistical analysis
of block 306 is less useful.
[0064] Next, the QRS Average and NOISE Average are compared to one another to verify that the bins contain values
that are separated from one another, as shown at 330. The use of 1.15 as a multiplier is merely illustrative of one form
of this comparison. In another embodiment, rather than a multiplier, an offset having a stable value is used, or a formula
such as Ax + B may be used, with A as a multiplier and B as an offset. Other comparisons may also be made to determine
separation. If the values in the QRS and NOISE bins are too close to one another, the method jumps to step 334, where
a bad vector is declared and scoring ends.
[0065] If the condition at 330 is met, the remaining values in the EQUAL, HIGH and LOW bins are analyzed to see
which, if any, can be moved to one of the QRS or NOISE bins, as indicated at 332. The data points in the EQUAL, HIGH
and LOW bins are moved to QRS and/or NOISE by the method steps shown in block 336. For each data point, j, the
peak amplitude is compared to see if it may fit in one or the other of the QRS or NOISE bins due to its amplitude similarity,
using a +/- 15% margin to determine similarity. The margin used may vary in other embodiments. If the data point, j, is
sufficiently similar to the average of either the QRS or NOISE bin, it is then moved to that bin. Steps that move j to the
QRS bin are shown at 338, 340, and steps that move j to the NOISE bin are shown at 342, 344.
[0066] After each data point in the EQUAL, HIGH and LOW bins has been considered in block 336, it is again determined
whether there are 6 or more detections in the QRS bin, as indicated at 346. If so, the Averages for the NOISE and QRS
bins are recalculated, as indicated at 350, for example, by the method of one of blocks 306 or 312 in Figure 9A. Next,
the SNR is determined as shown at 352, and a score is calculated as shown at 354. Once the Score is found at 354,
the scoring method ends, as noted at 356.
[0067] If the condition at 346 fails, and there are still less than 6 detections in the QRS bin after block 338, the QRS,
NOISE, HIGH, EQUAL and LOW bins may be reset to their original status prior to steps 336-344, as shown at 348. The
method then goes to block Y 326, and continues in FIG. 9C.
[0068] Turning to FIG. 9C, the method continues from block Y 326. It is determined whether there are 2 or more
detections in the HIGH bin, as indicated at 360. If not, then a bad vector is declared, as indicated at 362, and the scoring
method ends because a score cannot be returned for the vector under consideration.
[0069] If there are at least 2 detections in the HIGH bin, the method goes from block 360 to 364, where the average
amplitudes for the data points in the HIGH and LOW bins are computed. This may be performed using a method similar
to those shown in one of blocks 306 or 312 in Figure 9A or, instead, because the data set under consideration is already
limited, the full set of data points in each bin may be used to calculate averages in step 364.
[0070] The next step is to attempt to move points from the EQUAL bin into the HIGH and LOW bins, as shown at 366.
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This is performed as indicated in block 368. For each data point k in the EQUAL bin, the amplitude stored for that data
point is compared to the average for the HIGH bin, as shown at 370, to determine if it is similar to the average for the
high bin, within a defined margin of +/- 15%. If so, then the data point k is moved to the HIGH bin, as shown at 372.
Otherwise, the amplitude for k is compared to the average for the LOW bin, again with a margin of +/- 15%, as shown
at 374. If the amplitudes are similar, k is moved to the LOW bin, as indicated at 376. These steps are repeated for each
point k in the EQUAL bin.
[0071] In some embodiments, the steps in block 368 are performed such that the test at 370 is performed first, and if
it fails, then the test at 374 follows. For example, in the context of programmer code, one of the comparisons will appear
first and will therefore occur first. In this manner, overlap of the +/- 15% margin around the HIGH and LOW averages
does not create ambiguity, as each peak(k) can only be moved into one bin or the other. The same may be true for Block
336 in FIG. 9B.
[0072] After block 368 is completed, the method determines whether 4 or more detections are in the HIGH bin, as
indicated at 380. If not, then a bad vector is declared as shown at 382, because no score can be returned. If there are
4 or more points in the HIGH bin, then possible scores are determined, as indicated by 384.
[0073] As shown in block 386, a TWave_Larger Score is calculated. This Possible Score assumes that the T-wave
will have a greater amplitude than the QRS signal. Therefore, it assumes that the detections in the HIGH bin represent
T-waves, while the detections in the LOW bin represent QRS signals. Therefore the SNR is calculated as the ratio of
the average amplitude in the LOW bin to the average amplitude for the HIGH bin. This may be performed using the full
data sets in each of the LOW bin and HIGH bin, or the data sets may be reduced by methods such as shown in blocks
306 and 312 in Figure 9A. The variable "Amplitude" is then set as the average amplitude for the LOW bin (again, a full
or reduced data set may be used to calculate the average amplitude for the LOW bin) as well. The Possible Score is
determined as before by the use of the look-up table or chart, although again, other methods could also be used, including
calculation of a polynomial.
[0074] Next, as shown at 388, a QRS_Larger Score is calculated. This Possible Score assumes that the QRS signal
will have a greater amplitude than the T-wave. Therefore, it assumes that the detections in the HIGH bin represent QRS
signals, and the detections in the LOW bin represent T-waves. The SNR is calculated as the ratio of the average amplitude
in the HIGH bin to the average amplitude in the LOW bin in similar fashion to that used in block 386, and the amplitude
is calculated as the average amplitude for the HIGH bin, again using either full or reduced data sets. The Possible Score
is then calculated as before.
[0075] After the creation of the Possible Scores (QRS_Larger SCORE and TWave_Larger Score) in steps 386, 388,
a flag is set for asking the operator whether "QRS > TWave?" as indicated at 390. If necessary, i.e. if the largest available
score is one of the possible scores, the operator can then provide an input that indicates which of the possible scores
is correct. With the flag set at 390, the Scoring method ends as indicated at 392 by returning the two possible scores
with the flag set.
[0076] FIGS. 11A-11B illustrate a block diagram for a method of signal vector analysis. The method assumes a system
as illustrated in one of FIGS. 1A-1B, with three sensing vectors available: A-Can, B-Can, and A-B. The illustrative
vectoring method of FIGS. 11A-11B displays a preference for the A-B vector, then the B-Can vector, and a lowest
preference for the A-Can vector. This is not necessary to the practice of the invention, but FIGS. 11A-11B illustrate how
such preferences can be incorporated into a vectoring method.
[0077] The method begins at block 400, where the sensing vector A-B is analyzed. As shown at 402, the first query
is whether a Score(AB) (a Score for the A-B sensing vector) has been calculated during the analysis 400. If so, the
method continues at 404 where the generated Score(AB) is compared to Level(AB), a threshold for the A-B sensing
vector. If Score(AB) exceeds Level(AB), then the method selects the A-B sensing vector, as indicated at 406, which
ends the vectoring method if only one sensing vector is sought. If multiple sensing vectors are sought, then the method
may continue by analyzing the other available vectors to select a secondary vector, if desired. In an alternative illustrative
embodiment, the early exit condition of steps 404 and 406 may be omitted or, at the user’s option, disabled, as shown
below in the method illustrated in Figure 14; early exit conditions are shown throughout the method of FIGS. 11A-11B,
although these may be omitted in select embodiments. For this reason, the optional early exit steps 404, 422 and 442
are shown in a different line weight and style in FIG. 11A.
[0078] If Score(AB) does not exceed Level(AB), in step 404 (or if step 404 is omitted or disabled), then the method
goes to block 408, where the B-Can sensing vector is analyzed. Going back to block 402, if a Score cannot be calculated
for the A-B sensing vector, it is determined at 410 whether the A-B sensing vector is a bad vector, as indicated at 410.
If so, the A-B sensing vector may be marked as bad, and the method jumps ahead to step 408. Otherwise, the method
continues to block 412, where the flag for indicating that operator input is needed relative to the A-B sensing vector is
set. With analysis of the A-B sensing vector complete, the method continues to block 408 where the B-can sensing
vector is analyzed.
[0079] From block 408, it is again determined whether a Score(B) (a Score for the B-Can sensing vector) can be
calculated, as shown at 420. If so, the method determines whether the Score(B) is greater than Level(B), a threshold
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for the B-Can sensing vector, as shown at 422. If Level(B) is exceeded, the B-Can sensing vector is determined to be
sufficient for detection use and the method ends (if only one sensing vector is sought) by selecting the B-Can sensing
vector, as indicated at 424. If Level(B) is not exceeded, the method continues to step 426, further explained below.
[0080] If no Score(B) is calculated, the method determines whether the B-Can sensing vector is a bad vector, as
indicated at 428. If so, the B-Can sensing vector may be marked as bad, and the method again continues at step 426.
If the B-Can sensing vector is not a bad vector at 428, the method sets a flag indicating that operator input is needed to
finish analysis of the B-Can vector to generate a Score, as indicated at 430. Again, the method continues to step 426.
[0081] At step 426, the A-Can vector is to be analyzed. It is determined whether a Score(A) (the Score for sensing
vector A-Can) can be calculated, as indicated at 440. If so, then it is determined whether Score(A) is greater than
Level(A), a threshold defined for the A-Can sensing vector, as shown at 442. If so, then the A-Can sensing vector is
selected, as shown at 446. If Level(A) is not exceeded, the method goes to step 448 to find the best vector, which leads
to block Z 450 in FIG. 11B.
[0082] If Score(A) cannot be calculated at step 440, the method continues to step 452, where it is determined whether
the A-Can sensing vector is a bad vector. If so, the A-Can sensing vector may be marked as a bad vector and the method
continues to 448 and to block Z 450 in FIG. 11B. If the A-Can sensing vector is not a bad vector, the method continues
to step 454 and sets the flag to indicate that operator input is needed to resolve an ambiguity with the A-Can sensing
vector. The method then continues to step 448 and on to block Z 450 in FIG. 11B.
[0083] In an illustrative example, one of the scoring formats set forth above is used. In this illustrative example, Level(A)
= Level(B) = Level(AB) =1750. However, it should be clear to those of skill in the art that the specifics of the scoring
formula may be modified, as well as the specifics of the threshold levels used in analysis. In broader form, the illustrative
example is one in which several vectors are analyzed in turn to determine whether any can be characterized as "very
well suited" to performing cardiac signal analysis and, if not, the most suitable of the vectors is selected.
[0084] In another illustrative example, the step of establishing a score has two main phases: first, determining whether
the captured signal is amenable to a scoring method, and second, determining whether the captured signal indicates a
good sensing vector by calculating a score taking into account identifiable features of the captured signal including
identifiable cardiac events and identifiable noise. The first phase takes into account the difficulty in implantable devices
of segregating noise from cardiac signal, while the second phase takes into account whether the signal, once segregated,
is likely to assist in unambiguous analysis.
[0085] Turning to FIG. 11B, the method continues from block Z 450 to step 460, where it is determined whether there
are one or more Scores already calculated. If so, the method continues to step 462 wherein the vector with the highest
Score is selected. In this manner, the Operator is not asked any questions if at least one vector yields a Score.
[0086] If the condition at step 460 fails, the method continues to step 464, where the Possible Scores are used. From
the Possible Scores, a largest possible score (LPS) is identified, as shown at 466. Next, the operator is asked whether
QRS>T for the sensing vector that corresponds to the LPS, as indicated at 468. The answer given by the operator can
either verify or reject the LPS, depending upon whether the calculation resulting in the LPS corresponds to the answer
given by the operator.
[0087] For example, if the LPS is the QRS_Larger Score for the A-Can sensing vector, the operator will be asked
whether, for the A-Can sensing vector, QRS > Twave? If the operator indicates "Yes", then the operator’s answer verifies
the QRS_Larger Score for the A-Can sensing vector, and therefore the LPS would be verified. If, instead, the operator’s
answer is No, then the TWave_Larger Score for the A-Can sensing vector would be verified, and the QRS_Larger Score
would be discarded because the operator’s answer indicates it is an incorrect calculation.
[0088] As indicated at 470, the method next determines whether the LPS is verified by the operator’s response to the
question at 468. If so, then the sensing vector corresponding to the LPS is selected, as indicated at 472. Otherwise, the
LPS is discarded, as indicated at 474, and the method returns to step 466. If other possible scores remain, steps 466,
468 and 470 are repeated for one or more additional vectors until step 472 is reached. It should be noted that once a
Possible Score is discarded at step 474, the corresponding "other" Possible Score for that vector remains available,
however, this "other" Possible Score will be quite low such that, if other available Possible Scores remain, a different
vector is likely to offer better sensing. In some embodiments, if the higher Possible Score for a vector assumes a different
answer to the "QRS>T" query than is given by the Operator, the vector is found to be a bad vector.
[0089] FIG. 12 is a block diagram illustrating a method in which a primary sensing vector and a secondary sensing
vector are selected for use in detecting and analyzing cardiac events. As shown at 500, the method first identifies a
primary sensing vector. This may be performed, for example, using the methods discussed above.
[0090] Next, the method includes identifying a secondary sensing vector, as shown at 502. This may be performed in
more than one fashion. For example, as shown at 504, the method used to find the primary sensing vector may be
repeated in its entirety, with the method ending at 506. In another embodiment, the method simply continues analysis
after identifying the primary sensing vector. As shown at 510, if all of the available sensing vectors have already been
analyzed, the method picks the best one and, again, ends at 506.
[0091] If not all vectors have been analyzed, then an additional vector is analyzed as shown at 512. If this additional
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vector meets a first threshold at step 514, illustrating that the additional vector is well suited to cardiac signal analysis,
then the additional vector is selected as the secondary vector, and the method ends at 506. In another embodiment, a
flag is set if not all vectors have been analyzed at 510, and an additional step is performed at the end of the method to
compare the score for the primary vector to the score for the secondary vector. If the secondary vector has a higher
score than the primary vector, their designations may be reversed.
[0092] If the additional vector does not meet the first threshold at step 514, the method loops back to step 510. The
loop continues until either a newly analyzed vector exceeds the threshold at step 514, or all vectors have been analyzed
and the best one is selected at step 510. The use of primary and secondary vectors may take several forms, such as
those discussed in co-pending U.S. Application Ser. No. 10/901,258, filed July 27, 2004 and entitled MULTIPLE ELEC-
TRODE VECTORS FOR IMPLANTABLE CARDIAC TREATMENT DEVICES.
[0093] FIG. 13 is a block diagram for an illustrative embodiment. Beginning at block 550, the method includes selecting
a detection threshold. Next, a set of events is captured, as indicated at 552, using the detection threshold to define
cardiac events sensed along a selected sensing vector. The set of events is analyzed as shown at 554. The analysis at
554 results in a determination at 556. The sensing vector used to capture the set of events at 552 is determined at step
556 to be one of a suitable vector, an available vector, or an unsuitable vector, as shown at 558, 562, and 570, respectively.
[0094] If the sensing vector is determined to be a suitable vector as shown at 558, then the sensing vector has been
found to have met selected parameters for finding a suitable cardiac sensing vector. A vector meeting the selected
parameters is, in the illustrative method, assumed to be likely sufficient to provide accurate cardiac monitoring. In the
illustrative method, further consideration of additional sensing vectors is considered unnecessary. Therefore, as indicated
at 560, the method ends without further analysis of additional sensing vectors. The suitable vector is then used for
cardiac event detection and analysis.
[0095] If, instead, the sensing vector is determined to be an available vector, as shown at 562, then the vector under
consideration is considered a candidate for data capture, but does not meet the parameters to render further consideration
of additional sensing vectors unnecessary. Also, an available vector may be a sensing vector that indicates ambiguity
in its analysis. The method then continues at 564, and determines whether all available sensing vectors have been
analyzed. If so, the method continues to step 566, where the best vector is selected. Step 566 may include sub-methods
to resolve ambiguities, if present, in the available vector(s). The method then ends at 560.
[0096] If not all sensing vectors have been considered when at step 564, the method continues by considering a
different sensing vector, as indicated at 568. The method then returns to step 550 where a new detection threshold is
selected for the "next" sensing vector.
[0097] FIG. 14 is a block diagram for another illustrative embodiment. In the illustrative method of FIG. 14, early exit
conditions are not used to terminate vectoring analysis prior to analysis of each of the available vectors. It should be
noted, however, that a determination may still be made as to which of the polarities of each vector will be analyzed, for
example, by determining which polarity results in the greatest positive excursion from a baseline. In some systems, a
rectified signal is used in analysis, such that the incoming polarity is not particularly important.
[0098] In the illustrative embodiment of FIG. 14, the method begins at step 600 where, as before, a detection threshold
is identified. An adaptive or constant threshold may be selected, as desired. Next, a set of events is captured, as shown
at 602. The set of events may be analyzed immediately, as shown at 604, or analysis can wait until all data capture for
each vector or position is complete. An optional box is shown at 620, and includes the steps of determining the charac-
teristics of each vector, as indicated at 606. In the illustrative embodiment, vectors are characterized as "available
vectors," as shown at 608, or "unsuitable vectors" as shown at 610. The determination at 606 may be performed, for
example, by comparing the SNR and/or peak amplitude of captured detections to one or more thresholds. Unsuitable
vectors may be marked as such, and further/later analysis (for example, calculation of a SCORE) may be omitted for
such vectors. The block at 620 is optional, and may be omitted in some embodiments.
[0099] Next, it is determined whether the capture step 602 has been performed for all available vectors, as indicated
at 612. If not, the method returns to step 600, as indicated at 614. If all vectors have been considered at step 612, the
method continues to step 616 where a best vector is selected, and the method ends, as indicated at 618.
[0100] The step of selecting a "best" vector may take several forms. In one illustrative embodiment, each vector is
considered, for example, using a SCORE, and a highest "scoring" vector is selected. In embodiments where vectors
may be marked as "available vectors" or "unsuitable vectors," only those vectors that are "available vectors" may be
considered in selecting a "best" vector. Alternatively, individual vectors may be considered one at a time and compared
to thresholds for each individual vector. This may allow preferential selection of a vector, even without the use of an
early exit condition. If no threshold is exceeded, the highest scoring vector may be selected. In yet another embodiment,
different vectors may undergo different scoring methods, either to preferentially identify a selected vector or to provide
analysis that is particularly suited to individual vectors. For example, in a transveneous system, a first vector using the
canister electrode and an intracardiac electrode may be considered more likely subject to noise than a second vector
using two intracardiac electrodes. Calculation of a SCORE may take this into account by calculating the SCORE for the
first vector differently than for the second vector.
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[0101] For each of the above embodiments, certain additional steps may be undertaken to inform the operator (such
as a physician performing an implant procedure or providing a patient check-up) about vector selection. For example,
the selected vector may be characterized on the basis of its SCORE as "Good" or "Poor," for example. If the selected
vector is "Good," then the system may, via an associated programmer, optionally provide an indication of such to the
operator. Alternatively, no indication may be given, as no action is needed from the operator and the patient is apparently
well suited to the device. If the selected vector is "Poor," and has a relatively low SCORE, the operator may be informed
via the programmer. This allows the operator to determine, for example, if the patient is a very high risk subject, that the
device should be explanted and a different treatment mode or device relied upon. The operator may also be prompted
to perform an induction test (where fibrillation is induced in the patient) under controlled clinical conditions to determine
whether the device can accurately detect the arrhythmia, even with the Poor sensing vector, and subsequently stimulate
the patient out of the arrhythmia. The operator may also be able to determine if there is a cause for the Poor score, for
example, incorrect placement of one or more electrodes or faulty operation of the device or a lead. The annunciation of
sensing vector qualities is therefore another optional part of some illustrative methods, or may be a feature of some
illustrative devices and/or systems.
[0102] The present invention includes certain embodiments in which the above methods may be performed by the
implantable device in response to detected conditions, a request from an associated programmer, at intervals, or for
other suitable reasons. Detected conditions prompting performance of vector analysis may include the occurrence of
repeated difficulty with sensing, for example, the identification of an inordinate amount of double detections or a failure
to consistently detect events. Another detected condition may be a rise in SNR or a drop in detected amplitude either
below a predetermined level or to a level that creates sensing difficulties (for example, the range of 1.7 millivolts to 2.0
millivolts in a tiered sensor having 2.0 millivolt and 4.0 millivolt selectable dynamic sensing ranges).
[0103] These methods may be performed by an implantable cardiac stimulus device having a housing containing
operational circuitry, or multiple housings tethered together containing operational circuitry distributed among the hous-
ings. The operational circuitry may be adapted to perform various of the above steps and methods using either or both
of the analog and/or digital domain using appropriate components, devices, and connections, including but not limited
to a microcontroller and associated memory.
[0104] In an illustrative embodiment in which one or more of the above methods are performed by an implantable
medical device system, if it is determined that user input is needed to determine whether an identified largest possible
score (LPS) corresponds to a score or a possible score, the method may include further steps. In particular, after the
LPS is identified, it may be determined whether a programmer is currently in communication with the implantable medical
device system. If so, then telemetry circuitry/devices are used to contact the programmer to request the user input.
Otherwise, the implantable medical device system sets aside the LPS for later verification once a programmer is available
for communication allowing the user input. If more than one LPS is larger than the largest available Score, information
indicating the successive next LPS (or several LPS’s) may be stored until communication with a programmer is available.
[0105] Further, the present invention includes embodiments in which at least certain steps of the above methods may
be performed by a programmer adapted for use with an implantable medical device, the programmer being adapted to
communicate (for such embodiments, communication is preferably but not necessarily wireless) with an implantable
medical device. The programmer may comprise various appropriate components and circuitry for performing method
steps. The programmer may direct operation of the implantable medical device to perform the method(s), or the pro-
grammer may use the implantable medical device to capture data from the patient and transfer the captured data to the
programmer itself. In some embodiments, certain method steps (event detection, for example) may be performed by
the implantable medical device while other steps (detected event analysis, for example) may be performed by the
associated programmer.
[0106] The present invention also includes embodiments in which machine readable media encodes an instruction
set or sets for performing the above methods using operational circuitry of an implantable medical device or, in some
embodiments, using circuitry in a programmer for use in association with an implantable medical device.
[0107] Devices, including implantable medical devices and programmers, that are adapted to perform one or more
steps of the above methods, as well as systems comprising implantable medical devices and programmers that are
adapted as systems to perform any of these methods and/or steps, are also included in illustrative embodiments.

Claims

1. A method of operating an implantable cardiac stimulus system comprising an implantable device having operational
circuitry coupled to a plurality of sensing electrodes disposed within a patient and defining a plurality of sensing
vectors for performing cardiac event detection, the method comprising:

the implantable device capturing data using at least a first sensing vector and a second sensing vector of the
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plurality of sensing vectors;
the implantable device analyzing the captured data and calculating a quality metric related to the quality of
signal captured using each of the first sensing vector and the second sensing vector; and
the implantable device selecting a default sensing vector from the plurality of sensing vectors for use in cardiac
event detection by the implantable device using the quality metric;
calculating the quality metric for each of the first sensing vector and the second sensing vector being performed
in the following manner:

a set of detections is captured in the respective sensing vector, each detection occurring at an interval
following a preceding detection and having an amplitude;
the set of detections is analyzed using the intervals between detections to determine if a respective interval
exceeds an interval threshold, thereby indicating a detection represents a cardiac event, and, if the intervals
indicate at least a threshold portion of the set of detections represents cardiac events, a score is calculated
using the set of detections; and if the intervals do not indicate at least a threshold portion of the set of
detections represents cardiac events,
amplitudes of the detections are analyzed in conjunction with intervals, and, if the amplitudes and intervals
indicate at least a threshold portion of the set of detections represent cardiac events, a score is calculated
using the set of detections;
and, if neither the intervals nor the intervals and amplitudes indicate at least a threshold portion of the set
of detections represents cardiac events, possible scores are generated using the set of detections, the
possible scores corresponding to at least first and second resolutions of ambiguity within the set of detections.

2. The method of claim 1 wherein the implantable device calculates the quality metric for a given vector, compares
the quality metric for the given vector to a threshold and, if the quality metric for the given vector exceeds the
threshold, the implantable device selects the given vector as the default sensing vector automatically.

3. The method of either of claims 1 or 2 wherein the quality metric is calculated by considering at least a signal to noise
ratio and signal amplitude of a signal captured using each vector.

4. The method of claim 3 wherein the quality metric is calculated using a polynomial formula.

5. The method of claim 3 wherein the quality metric is calculated using a look-up table.

6. The method of claim 1 wherein the implantable device selects a default sensing vector by identifying a highest score
of those that are calculated.

7. The method of claim 1 wherein:

the system further includes a programmer for communicating with and programming and capturing data from
the implantable device while the implantable device is in an implanted state, and the implantable device further
comprises telemetry circuitry configured for communicating with the programmer; and
the implantable device selects a default sensing vector by identifying a highest value among the scores and
possible scores and, if the highest value corresponds to a possible score, the implantable device uses the
telemetry circuitry to request that the programmer obtain operator input from an operator of the programmer to
resolve the ambiguity of the possible score such that an operator input either verifies or discards the possible
score corresponding to the highest value and, if the possible score corresponding to the highest value is discarded
in response to the query, the method includes the implantable device receiving an indication from the programmer
using the telemetry circuit and selecting a different default sensing vector by identifying a new highest value
after excluding the discarded possible score from the scores and possible scores.

8. The method of claim 7, wherein the operator input is an indication of whether a T-wave component or a QRS-
complex component of a cardiac signal, each captured using the same sensing vector, has a greater amplitude.

9. The method of claim 7, wherein the operator input is an indication of whether a desired cardiac component of cardiac
signal or a noise artifact, each using captured the same sensing vector, has a greater amplitude.

10. An implantable medical device system comprising an implantable medical device including operational circuitry
coupled to electrodes, wherein the operational circuitry is configured to perform a method as set forth in one of
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claims 1-6.

11. The implantable medical device system of claim 10 further comprising a programmer having programmer telemetry
circuitry for communicating with the implantable medical device which in turn also comprises implant telemetry
circuitry, wherein the system is further configured to perform a method as set forth in one of claims 7-9.

Patentansprüche

1. Ein Verfahren zum Betrieb eines implantierbaren Systems zur Herzstimulation, umfassend ein implantierbares Gerät
mit Funktionsschaltkreis, gekoppelt mit einer Mehrzahl von Sensing-Elektroden, die in einem Patienten angeordnet
sind, und das eine Mehrzahl von Sensing-Vektoren festlegt, dazu bestimmt, am Herz auftretende Ereignisse zu
erkennen, wobei das Verfahren Folgendes umfasst:

das implantierbare Gerät, das Daten mithilfe von mindestens einem ersten Sensing-Vektor und einem zweiten
Sensing-Vektor aus der Mehrzahl von Sensing-Vektoren erfasst;
das implantierbare Gerät, das die erfassten Daten analysiert und eine Qualitätskennzahl betreffend die Qualität
des erfassten Signals berechnet, wobei jeweils der erste Sensing-Vektor und der zweite Sensing-Vektor ein-
bezogen werden; und
das implantierbare Gerät, das unter Nutzung der Qualitätskennzahl aus der Mehrzahl von Sensing-Vektoren
einen Default-Sensing-Vektor auswählt, der zur Detektion von am Herz auftretenden Ereignissen durch das
implantierbare Gerät herangezogen wird;
wobei die Berechnung der Qualitätskennzahl für den ersten Sensing-Vektor und den zweiten Sensing-Vektor
jeweils wie folgt durchgeführt wird:

eine Reihe von Detektionsvorgängen wird im jeweiligen Sensing-Vektor erfasst, wobei jede Detektion in
einem Intervall erfolgt, das auf eine vorherige Detektion folgt, und eine Amplitude aufweist;
die Reihe von Detektionsvorgängen wird unter Verwendung der Intervalle zwischen den Detektionsvorgän-
gen analysiert, um festzustellen, ob ein jeweiliges Intervall einen Intervall-Grenzwert übersteigt, was anzeigt,
dass eine Detektion ein am Herz auftretendes Ereignis darstellt, und, wenn die Intervalle zumindest einen
Grenzwert-Anteil in der Reihe von Detektionsvorgängen zeigen, wird unter Einbeziehung der Reihe von
Detektionsvorgängen ein Score errechnet; und wenn die Intervalle nicht zumindest einen Grenzwert-Anteil
in der Reihe von Detektionsvorgängen zeigen,
werden die Amplituden der Detektionsvorgänge in Verbindung mit den Intervallen analysiert, und, wenn
die Amplituden und Intervalle zumindest einen Grenzwert-Anteil in der Reihe von Detektionsvorgängen
zeigen, wird unter Einbeziehung der Reihe von Detektionsvorgängen ein Score errechnet; und wenn weder
die Intervalle allein noch die Intervalle und Amplituden zumindest einen Grenzwert-Anteil in der Reihe von
Detektionsvorgängen zeigen,
werden unter Einbeziehung der Reihe von Detektionsvorgängen mögliche Scores generiert, wobei die
möglichen Scores mindestens der ersten und zweiten Auflösung einer Mehrdeutigkeit innerhalb der Reihe
von Detektionsvorgängen entsprechen.

2. Das Verfahren nach Anspruch 1, wobei das implantierbare Gerät die Qualitätskennzahl für einen gegebenen Vektor
berechnet, die Qualitätskennzahl für den gegebenen Vektor mit einem Grenzwert abgleicht und das implantierbare
Gerät, wenn die Qualitätskennzahl für den gegebenen Vektor den Grenzwert überschreitet, den gegebenen Vektor
automatisch als Default-Sensing-Vektor auswählt.

3. Das Verfahren nach Anspruch 1 oder 2, wobei die Qualitätskennzahl berechnet wird, indem mindestens ein Signal-
Rausch-Verhältnis und eine Signalamplitude eines erfassten Signals unter Einbeziehung jedes Vektors zugrunde
gelegt wird.

4. Das Verfahren nach Anspruch 3, wobei die Qualitätskennzahl mit einer polynomialen Formel berechnet wird.

5. Das Verfahren nach Anspruch 3, wobei die Qualitätskennzahl mit einer Verweistabelle berechnet wird.

6. Das Verfahren nach Anspruch 1, wobei das implantierbare Gerät einen Default-Sensing-Vektor auswählt, indem
der höchste aller berechneten Scores erkannt wird.
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7. Das Verfahren nach Anspruch 1, wobei:

das System des Weiteren eine Programmiereinheit zur Kommunikation und Programmierung und Erfassung
von Daten vom implantierbaren Gerät umfasst, während das implantierbare Gerät in einem implantierten Zu-
stand ist, und wobei das implantierbare Gerät des Weiteren eine Telemetrie umfasst, die dafür ausgelegt ist,
mit der Programmiereinheit zu kommunizieren; und
das implantierbare Gerät einen Default-Sensing-Vektor auswählt, indem ein höchster Wert unter den Scores
und möglichen Scores erkannt wird, und, wenn der höchste Wert einem möglichen Score entspricht, das imp-
lantierbare Gerät die Telemetrie nutzt, um anzufordern, dass die Programmiereinheit den Bediener-Input von
einem Bediener der Programmiereinheit erhält, um die Mehrdeutigkeit des möglichen Score aufzulösen, in der
Art, dass ein solcher Bediener-Input den möglichen Score, der dem höchsten Wert entspricht, entweder verifiziert
oder verwirft, und, wenn der mögliche Score, der dem höchsten Wert entspricht, in Reaktion auf die Anfrage
verworfen wird, es zum Verfahren gehört, dass das implantierbare Gerät über die Telemetrie eine Angabe von
der Programmiereinheit erhält, und einen anderen Default-Sensing-Vektor auswählt, indem ein neuer höchster
Wert erkannt wird, nachdem der verworfene mögliche Score aus den Scores und möglichen Scores ausge-
schlossen worden ist.

8. Das Verfahren nach Anspruch 7, wobei der Bediener-Input eine Angabe ist, ob eine T-Wellen-Komponente oder
eine QRS-Komplex-Komponente eines Herzsignals, jeweils erfasst über denselben Sensing-Vektor, eine größere
Amplitude hat.

9. Das Verfahren nach Anspruch 7, wobei der Bediener-Input eine Angabe ist, ob eine erwünschte Kardiokomponente
eines Herzsignals oder ein Störartefakt, jeweils erfasst über denselben Sensing-Vektor, eine größere Amplitude hat.

10. Ein implantierbares medizinisches System, umfassend ein implantierbares medizinisches Gerät, das einen Funk-
tionsschaltkreis, gekoppelt mit Elektroden aufweist, wobei der Funktionsschaltkreis so konfiguriert ist, dass ein
Verfahren wie in einem der Ansprüche 1 bis 6 genannt damit durchführbar ist.

11. Das implantierbare medizinische System nach Anspruch 10, das des Weiteren eine Programmiereinheit umfasst,
die eine Telemetrie aufweist, um mit dem implantierbaren medizinischen Gerät zu kommunizieren, das wiederum
selbst eine Telemetrie aufweist, wobei das System des Weiteren so konfiguriert ist, dass ein Verfahren wie in einem
der Ansprüche 7 bis 9 genannt damit durchführbar ist.

Revendications

1. Procédé de fonctionnement d’un système de stimulation cardiaque implantable comprenant un dispositif implantable
qui comporte un circuit opérationnel qui est couplé à une pluralité d’électrodes de détection qui sont disposées à
l’intérieur d’un patient et qui définissent une pluralité de vecteurs de détection pour réaliser une détection d’événement
cardiaque, le procédé comprenant :

le fait que le dispositif implantable capture des données en utilisant au moins un premier vecteur de détection
et un second vecteur de détection de la pluralité de vecteurs de détection ;
le fait que le dispositif implantable analyse les données capturées et calcule une mesure de qualité qui est
rapportée à la qualité de signal qui est capturée en utilisant chaque vecteur pris parmi le premier vecteur de
détection et le second vecteur de détection ; et
le fait que le dispositif implantable sélectionne un vecteur de détection par défaut parmi la pluralité de vecteurs
de détection dans le but de son utilisation lors de la détection d’événement cardiaque par le dispositif implantable
en utilisant la mesure de qualité ;
le calcul de la mesure de qualité pour chaque vecteur pris parmi le premier vecteur de détection et le second
vecteur de détection étant réalisé de la manière qui suit :

un jeu de détections est capturé dans le vecteur de détection respectif, chaque détection survenant au
niveau d’un intervalle qui suit une détection précédente et présentant une amplitude ;
le jeu de détections est analysé en utilisant les intervalles entre des détections de manière à déterminer si
un intervalle respectif excède un seuil d’intervalle, d’où ainsi l’indication du fait qu’une détection représente
un événement cardiaque et, si les intervalles indiquent qu’au moins une partie de seuil du jeu de détections
représente des événements cardiaques, un score est calculé en utilisant le jeu de détections ; et si les
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intervalles n’indiquent pas qu’au moins une partie de seuil du jeu de détections représente des événements
cardiaques,
les amplitudes des détections sont analysées en conjonction avec les intervalles, et si les amplitudes et
les intervalles indiquent qu’au moins une partie de seuil du jeu de détections représente des événements
cardiaques, un score est calculé en utilisant le jeu de détections ; et si ni les intervalles, ni les intervalles
et les amplitudes n’indiquent qu’au moins une partie de seuil du jeu de détections représente des événe-
ments cardiaques,
des scores possibles sont générés en utilisant le jeu de détections, les scores possibles correspondant à
au moins des première et seconde résolutions d’ambiguïté à l’intérieur du jeu de détections.

2. Procédé selon la revendication 1, dans lequel le dispositif implantable calcule la mesure de qualité pour un vecteur
donné, compare la mesure de qualité pour le vecteur donné à un seuil et si la mesure de qualité pour le vecteur
donné excède le seuil, le dispositif implantable sélectionne automatiquement le vecteur donné en tant que vecteur
de détection par défaut.

3. Procédé selon l’une des revendications 1 ou 2, dans lequel la mesure de qualité est calculée en considérant au
moins un rapport signal sur bruit et une amplitude de signal d’un signal qui est capturé en utilisant chaque vecteur.

4. Procédé selon la revendication 3, dans lequel la mesure de qualité est calculée en utilisant une formule polynômiale.

5. Procédé selon la revendication 3, dans lequel la mesure de qualité est calculée en utilisant une table de consultation.

6. Procédé selon la revendication 1, dans lequel le dispositif implantable sélectionne un vecteur de détection par défaut
en identifiant un score le plus élevé parmi ceux qui sont calculés.

7. Procédé selon la revendication 1, dans lequel :

le système inclut en outre un programmateur pour communiquer avec le dispositif implantable, pour programmer
le dispositif implantable et pour capturer des données en provenance du dispositif implantable tandis que le
dispositif implantable est dans un état implanté, et le dispositif implantable comprend en outre un circuit de
télémétrie qui est configuré pour communiquer avec le programmateur ; et
le dispositif implantable sélectionne un vecteur de détection par défaut en identifiant une valeur la plus élevée
parmi les scores et les scores possibles et, si la valeur la plus élevée correspond à un score possible, le dispositif
implantable utilise le circuit de télémétrie pour demander en requête que le programmateur obtienne une entrée
d’opérateur en provenance d’un opérateur du programmateur pour résoudre l’ambiguïté du score possible de
telle sorte qu’une entrée d’opérateur soit vérifie, soit mette à l’écart le score possible qui correspond à la valeur
la plus élevée et, si le score possible qui correspond à la valeur la plus élevée est mis à l’écart en réponse à
la requête, le procédé inclut le fait que le dispositif implantable reçoit une indication en provenance du program-
mateur en utilisant le circuit de télémétrie et sélectionne un vecteur de détection par défaut différent en identifiant
une nouvelle valeur la plus élevée après l’exclusion du score possible mis à l’écart parmi les scores et les scores
possibles.

8. Procédé selon la revendication 7, dans lequel l’entrée d’opérateur est une indication de si une composante d’onde
T ou une composante de complexe QRS d’un signal cardiaque, dont chacune est capturée en utilisant le même
vecteur de détection, présente une amplitude plus importante.

9. Procédé selon la revendication 7, dans lequel l’entrée d’opérateur est une indication de si une composante cardiaque
souhaitée de signal cardiaque ou un artefact de bruit, dont chacun est capturé en utilisant le même vecteur de
détection, présente une amplitude plus importante.

10. Système de dispositif médical implantable comprenant un dispositif médical implantable qui inclut un circuit opéra-
tionnel qui est couplé à des électrodes, dans lequel le circuit opérationnel est configuré pour réaliser un procédé
tel que mis en exergue selon l’une des revendications 1 à 6.

11. Système de dispositif médical implantable selon la revendication 10, comprenant en outre un programmateur qui
comporte un circuit de télémétrie de programmateur pour communiquer avec le dispositif médical implantable, lequel
à son tour comprend également un circuit de télémétrie d’implant, dans lequel le système est en outre configuré
pour réaliser un procédé tel que mis en exergue selon l’une des revendications 7 à 9.
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