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Description

TECHNICAL FIELD

[0001] This disclosure relates generally to implantable devices, and more particularly to systems and methods for
abnormal battery depletion detection in an implantable device.

BACKGROUND

[0002] Implantable medical devices include, among other things, cardiac rhythm management (CRM) devices such
as pacers, cardioverters, defibrillators, cardiac resynchronization therapy (CRT) devices, as well as combination devices
that provide more than one of these therapy modalities to a subject. Such implantable devices are typically powered by
a battery. When the battery’s useful life has been exhausted, the implanted device is typically explanted and replaced
before the cessation of therapy. Therefore, it is often useful to know how much battery capacity has been used and/or
how much battery capacity remains. Document US 2004/0199146 discloses a system and method according to the
preamble of the independent claims.

SUMMARY

[0003] The present inventors have recognized, among other things, that during device operation, high-current depletion
faults can cause battery voltage to decrease. The present inventors have recognized that improved systems and methods
for battery management and abnormal battery depletion detection in implantable medical devices are needed. The
above-mentioned problems and others not expressly discussed herein are addressed by the present subject matter and
will be understood by reading and studying this specification.
[0004] Disclosed herein, among other things, is a method for abnormal battery depletion detection in an implantable
medical device. In an example, battery capacity consumed can be measured using a coulometer and using a capacity-
by-voltage device, and these two different types of measurements are blended to determine battery status. A drop in
battery voltage below a specified threshold can be detected to identify a high-current depletion fault, and an alarm can
be provided to indicate the fault has been detected, in an example. The specified threshold can be determined as a
function of battery capacity consumed.
[0005] Another aspect of this disclosure relates to a system for abnormal depletion detection in an implantable device.
An example of the system includes a coulometer configured to measure battery capacity and a capacity-by-voltage
device configured to use a sensed battery voltage to measure battery capacity. A controller connected to the coulometer
and the capacity-by-voltage device can be configured to combine the measurements from the coulometer and the
capacity-by-voltage device, using a weighted average to determine battery capacity consumed. The controller can be
configured to detect a drop in the sensed battery voltage below a specified threshold to identify a high-current depletion
fault and to provide an alarm to indicate the fault has been detected. The specified threshold can be determined as a
function of battery capacity consumed as computed using the weighted average.
[0006] This Summary is an overview of some of the teachings of the present application and not intended to be an
exclusive or exhaustive treatment of the present subject matter. Further details about the present subject matter are
found in the detailed description and appended claims. Other aspects will be apparent to persons skilled in the art upon
reading and understanding the following detailed description and viewing the drawings that form a part thereof, each of
which are not to be taken in a limiting sense. The scope of the present invention is defined by the appended claims and
their legal equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 illustrates a block diagram of a system for dynamic battery management, in an example.
FIG. 2 illustrates a graphical diagram of blended battery capacity for an implantable medical device, in an example.
FIG. 3 illustrates a block diagram of a system for displaying battery longevity, in an example.
FIG. 4 illustrates a block diagram of a system with an implantable medical device (IMD), in an example.
FIG. 5 illustrates a block diagram of a programmer such as illustrated in the system of FIG. 4 or other external device
to communicate with the IMD(s), in an example.
FIG. 6A illustrates a flow diagram of a method of combining measured battery capacity for a battery in an implantable
medical device, in an example.
FIG. 6B illustrates a flow diagram of a method for measuring capacity consumed for a battery in an implantable
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medical device, in an example.
FIG. 6C illustrates a flow diagram of a method for displaying battery longevity for a battery in an implantable medical
device, in an example.
FIG. 6D illustrates a flow diagram of a method for dynamically allocating capacity for a battery in an implantable
medical device, in an example.
FIG. 7 illustrates a graphical diagram of measured voltage over the life of a battery, in an example.
FIGS. 8A-8E illustrate screen displays for the system of FIG. 3, used to display battery longevity, in an example.
FIG. 9 illustrates a graphical diagram of voltage alarm thresholds for abnormal battery depletion detection in an
implantable medical device, in an example.
FIG. 10 illustrates a flow diagram of a method for abnormal battery depletion detection in an implantable device, in
an example.

DETAILED DESCRIPTION

[0008] Various examples of the present subject matter are related to implantable medical device battery management.
Displaying the remaining battery capacity in ampere-hours can cause a misunderstanding by users, as users may believe
it represents the amount of time remaining rather than the amount of charge remaining.
[0009] In an example, the present subject matter includes a system for measuring consumed battery capacity. In an
example, this system includes blending multiple different types of measurements of battery capacity. In an example, the
system includes a display and battery longevity can be displayed in units of time left in the life of the battery. The present
disclosure can be used with a variety of implantable device batteries, including by not limited to: SVO (Silver Vanadium
Pentoxide), MnO2 (Lithium Manganese Dioxide), CFx (Lithium Carbon Monoflouride) and hybrid SVO and CFx batteries.

Examples of System for Dynamic Battery Management

[0010] FIG. 1 illustrates a block diagram of a system for dynamic battery management, in an example. An example
of the system 100 includes two or more devices (102, 104) for measuring battery capacity for an implantable medical
device battery 108. The example also includes a controller 106 connected to the measuring devices. The controller 106
can be configured to combine the measurements from the measuring devices (102, 104), such as by using a weighted
average to determine battery capacity consumed. In an example, at least one of the measuring devices includes a
coulometer (or Coulomb counter), which can measure or estimate the amount of charge that has been delivered from
the battery. At least one of the measuring devices includes a capacity-by-voltage device, in an example. A capacity-by-
voltage device can detect a battery terminal voltage level, which can be used to compute and output a battery capacity
using, for instance, a look-up table. In an example, at least one of the measuring devices includes a software-assisted
coulometer. In an example, the software-assisted coulometer can tally various system events (such as a shock or pace
sequence), duration and amplitude of the event, and can multiply (such as by using a look-up table) the corresponding
cost (energy used in ampere-hours). The accumulation of events, duration and cost would result in accumulated capacity
consumed, which can be expressed in units of ampere hours (A·hr). In certain examples, at least one of the measuring
devices includes a charge-time measuring device. A charge-time measuring device can be particularly useful when used
in a system including a defibrillator, because in a defibrillator system, the defibrillation output capacitor charging time
can directly be related to battery internal impedance. The voltage drop from open-circuit to loaded for a high voltage
(HV) defibrillation capacitor charge divided by the loaded current represents a measure of the internal battery impedance
(R = ΔV/ΔI). From a look-up table or other technique, the internal battery impedance can be mapped to capacity consumed,
in an example. The system further includes a display 110 in communication with the controller 106 in an example. The
display 110 can be configured to provide a depiction of battery longevity, such as in units of time remaining in the life of
the implantable medical device battery, in an example.
[0011] In an example, the system of FIG. 1 can be configured to dynamically manage an implanted device. In a
contrasting approach, a static explant capacity can be allocated at design-time for a heavy usage scenario (e.g., 5% of
a device’s battery capacity will remain at the explant indicator, or elective replacement indicator (ERI)). That battery
capacity can be designed to offer at least 90 days of heavy usage therapy before cessation. In the present system, using
dynamic allocation, the device actively measures long-term power consumption and accordingly allocates post-explant-
indicator battery capacity. In this manner, low-usage devices will have less reserve capacity but longer total longevity.
High-usage devices will have more post-explant-indicator reserve capacity and less total longevity. This strategy can
increase or maximize individual implantable device longevity and can decrease or minimize risk of therapy cessation
before implantable device replacement.
[0012] When using a capacity-by-voltage device, a look-up table can be indexed by power and battery terminal voltage
to obtain battery capacity consumed, in an example. The capacity-by-voltage device uses at least one voltage measuring
device, in an example. In certain examples, accuracy of the capacity-by-voltage device is best near ERI, but may be
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unusable before significant (approximately 30%) battery depletion, because many batteries have flat or even rising
battery terminal voltage profiles early in the battery life (see FIG. 7, discussed below).
[0013] When using a coulometer, or Coulomb counter, the device can include one of a number of different devices,
such as to measure voltage across a known resistance and compute a battery current therefrom. The current can be
integrated over time with a result of amp-seconds, or coulombs, a measure of charge. Capacity consumed can be
measured constantly or on an ongoing recurrent basis by the coulometer, in an example. In an example, the coulometer
can be calibrated to an accuracy of +/- 10% or better. Absolute accuracy of the coulometer can be most useful early in
battery life.
[0014] In an example, the capacity measuring devices (102, 104) are located within the implantable medical device
(IMD). In an example, the controller can be located within the IMD. In this example, measurement and blending of the
measured data are completed within the IMD, and both raw and blended data are reported to an external device having
display 110. An example of the external device is shown in FIG. 5. In an example, the depiction of battery longevity
provided by the display includes a semicircular gauge or the like. In another example, the depiction of battery longevity
includes a bar, line or other graph or the like.
[0015] FIG. 2 illustrates a graphical diagram of blended battery capacity for an implantable medical device, in an
example. Over a first portion 202 of the life of the battery, battery capacity consumed can be measured using a first
capacity measuring device (e.g., a coulometer). Measurements from the coulometer and measurements of battery
capacity consumed using a second capacity measuring device (e.g., a capacity-by-voltage device) are combined (or
capacity-blended) over a second portion of the life of the battery 204. Battery capacity consumed can be measured
using only the capacity-by-voltage device over a third portion of the life of the battery 206, in an example.
[0016] Battery capacity consumed can be measured relatively directly with the coulometer and relatively indirectly by
measuring battery voltage. A mapping can be used between voltage measured and capacity consumed, in certain
examples. FIG. 7 illustrates a graphical diagram of measured battery voltage over the life of a battery, in an example.
As shown in this example, the coulometer method can be better suited for the early portion 702 of the battery’s life,
where battery voltage measurement technique provides less resolution. The battery voltage measurement method can
be better suited for the later portion 704 of the battery’s life, in this example.
[0017] As shown in FIG. 2, discussed above, measurements of battery capacity derived from the coulometer and
measurements of battery capacity derived from the capacity-by-voltage device are "capacity-blended" over a time period.
In certain examples, capacity-blending uses a weighted average of the outputs of two or more battery capacity measuring
devices to calculate battery capacity. Capacity-blending the measurements largely reduces abrupt changes in longevity
gauge behavior. In the example of FIG. 2, at approximately 51 % capacity consumed (as measured by the coulometer),
blending of the measurements begins. A weighted average can be computed to combine the measurements from the
coulometer and the capacity-by-voltage device, in an example. In an example, at 51% capacity consumed, the combi-
nation includes 99% of the coulometer measurement and 1% of the capacity-by-voltage measurement, at 62.5% capacity
consumed, the combination includes 50% of the coulometer measurement and 50% of the capacity-by-voltage meas-
urement, and at 74% capacity consumed, the combination includes 1% of the coulometer measurement and 99% of the
capacity-by-voltage measurement, and in between these points the percentage of each measurement used can be
linearly interpolated. Other techniques for combining or capacity-blending the coulometer and capacity-by-voltage meas-
urements of battery capacity are possible, without departing from the scope of this disclosure. In addition, more than
two sources of battery capacity measurements can be combined in this manner, such as software coulometer capacity
measurements and charge-time capacity measurements.
[0018] In an example, the system calculates life phase from total capacity, based on measured capacity consumed,
average power consumption rate, and a set of constants or other parameters. The coulometer can be used to measure
power, in an example. In an example, the coulometer measures capacity in units of Ampere seconds. The difference
between two coulometer measurements over a time period can be divided by the duration of the time period, and the
result is average battery current (in amperes). Multiplying the average battery current by the average (or most recently-
measured) battery voltage yields average battery power. Long-term average battery power can be used to filter individual
battery power measurements, such as a simple average, a moving average, or other measure of central tendency. In
an example, battery life phases calculated include, but are not limited to: BOL (beginning of life), OY (one year remaining
to explant, Explant (90 days until EOL), ERI (elective replacement indicator, usually the same as Explant), EOL (end of
life), and BEX (battery expired). Based on total capacity of the battery model (Qbex) and desired duration of each life
phase, indicator trigger points are computed (using the formula t = Q x V / P). For example, if a 90 day period from BOL
to BEX is desired, V and P can be measured and Q calculated. Subtracting that value from Qbex yields Qeol. Similarly,
if a 150 day period is desired from ERI to EOL, Qeol and Qeri can be calculated. Life phase can then be triggered by
comparing the most recent blended capacity (Qi) to the trigger capacity. For example, if Qi > Qeri, then a message
indicating ERI can be displayed. While this example uses a capacity based system, voltage and charge time can be
used without departing from the scope of this disclosure. For fault control, voltage, power and charge time limits exist.
In an example, measuring battery capacity consumed includes measuring battery capacity in units of Ampere·hours
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(Ahr). In an example, capacity from a capacity-by-voltage device (Qvoltage) and capacity from a coulometer (Qcoulometer)
are capacity-blended using the following technique: 

Other techniques for combining or capacity-blending the coulometer and capacity-by-voltage measurements of battery
capacity are possible, without departing from the scope of this disclosure.
[0019] In an example, the implantable medical device (IMD) measures capacity consumed, average power and voltage,
and calculates trip points for BEX, EOL, ERI and OY. The IMD compares capacity consumed to capacity trip points to
determine life phase, in an example. In an example, three of three consecutive calculations over a trip point will trigger
a life phase status change, which can be accompanied by an indicator or alert. Three calculations are used in this
example to filter noise. More or fewer calculations can be used to trigger a life phase status change, such as based on
the magnitude of the noise and the ability to pre-filter the noise. In an example, the IMD reports certain values to an
external device having a display (such as the programmer depicted in FIG. 5). Examples of reported values include Qi,
Qeri, P and V. The programmer can then compute time to ERI (or time to explant), and can further estimate IMD battery
longevity based on user changes to programming settings such as pace mode, pace pulse width and amplitude, in an
example. In an example, time to explant can be calculated with an extra allocation for power consumed by subsequent
defibrillation capacitor reform operations. Reforming a capacitor refers to recharging the capacitor to avoid leakage
currents. Time to explant can be recalculated if the IMD is reprogrammed (amplitude, pulse width, etc.), in an example.
[0020] In an example, a hardware-based coulometer can be used to monitor power consumption over a specified time
interval. Based on these measurements, one or more power alarms can be provided. Before implant, if the IMD exceeds
a power consumption limit (75mW over 1 week, for example) for three measurements in a row, a battery fault condition
can be declared and the clinician can be instructed not to implant the device, in an example. In an example, if the device
exceeds one or more fixed power limits, such as over 20 seconds or 1 day in pre-implant testing, for example, an alarm
can be set. Post-implant, if the device exceeds an expected power, such as over 20 seconds, 1 day, or 1 week, an alarm
can be set in an example. Alarms are logged by the device but not displayed, in an example.
[0021] An example of the system includes a coulometer configured to measure battery capacity consumed in an
implantable device. The system example also includes a capacity-by-voltage device configured to measure battery
capacity consumed in the device. The system example further includes means for blending the measurements from the
coulometer and the capacity-by-voltage device to determine battery capacity consumed. In an example, the means for
blending includes a computer processor or controller circuit. The means for blending can also include executable,
readable, or otherwise performable instructions tangibly stored in a computer readable medium, in an example.
[0022] In an example, the controller can be configured to select respective capacity measurements from the two or
more capacity measurement devices, and use only one of the measurements, or to compute a capacity-blended com-
bination of the measurements, based on one or more factors such as: a specified or programmable schedule; one or
more specified set points; one or more battery parameters; or one or more battery life indicators.
[0023] Certain battery chemistries, CFx and MnO2 in particular, are prone to depressed voltage immediately after a
high-power event (e.g., wireless telemetry, beeper actuation, or defibrillation capacitor charging). Because battery ter-
minal voltage can be used to determine battery depletion state, it would be possible to erroneously read a low battery
terminal voltage and responsively change the indication of the battery life-phase. In an example, measurement of battery
voltage can be automatically inhibited during a high-power event, and the change in battery voltage can be monitored
to ascertain when the battery voltage is recovered from the event before the battery voltage measurement is again used
to evaluate battery status via measurement by the capacity-by-voltage device.
[0024] Before being implanted, the implantable device may be subject to cold temperatures. Depending on battery
chemistry and device model, low temperature may cause low monitored battery terminal voltage, long defibrillation
capacitor charge time, or inability to communicate via wireless radio frequency (RF) or inductive telemetry. In an example,
the device has a temperature detector with one or more built-in temperature limits, such as to generate an alert to warn
the user of potentially long charge times or the inability to establish wireless telemetry communications. After the device
is implanted, lead impedance, pace counts and sense counts are measured and averaged on a recurrent or periodic
basis, in an example. In an example, lead impedance, pace counts and sense counts can be used to predict time to
explant and one or more battery terminal voltage or other limits for transiently triggering one or more power alarms.
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System for Displaying Battery Longevity

[0025] FIG. 3 illustrates a block diagram of a system for displaying battery longevity, in an example. The system of
FIG. 3 can be a subsystem of that depicted in FIG.1, in an example. In this example, the system 300 includes a sensing
sub-system, or sensing circuit 302, configured to measure remaining battery capacity for an implantable device. The
system example also includes a controller 304 circuit connected to the sensing circuit 302, or sensing sub-system. The
controller 304 can be configured to calculate battery longevity based on measured capacity. The system example further
includes a display 306 in communication with the controller 304, the display 306 configured to depict battery longevity
shown in units of time remaining in the life of the battery. In an example, the display 306 can be configured to depict a
semicircular gauge with battery longevity. In an example, the display 306 can be configured to depict a graph showing
battery longevity. Other types of displays showing units of time remaining in the life of the battery are possible without
departing from the scope of the disclosure. The system 300 also has the capability to display battery capacity in units
of Ahr, in an example.
[0026] The display 306 can be part of a programmer, such as depicted in FIG. 5 below, in an example. The sensing
circuit 302 can be located within the implantable device, in an example. The controller 304 can be located within the
implantable device, within the programmer, or controller function can be shared between the device and programmer
in an example. In an example, the controller may be located in a computing system separate from the device and
programmer.
[0027] In an example, the display depicts battery longevity using a "gas gauge" display, such as including a semi-
circle time remaining gauge with a 1-year remaining pie-slice (see FIGS. 8A-8D, discussed below). A "time to explant"
gauge can be used in the depicted example. In addition, the display includes numeric capacity remaining and power
consumption, in an example. In an example, a graph can be used to depict battery longevity (see FIG. 8E, discussed
below). In certain examples, benefits of a time remaining gauge include a full-scale representation of fixed longevity for
all devices of the same model number, and that the one-year remaining trigger point on the gauge can be fixed for a
given model number. In an example, battery capacity consumed includes battery capacity in units of Ampere·hours (Ahr).
[0028] A further example of the system includes means for sensing remaining battery capacity for an implantable
device. The system example also includes means for calculating battery longevity based on sensed capacity, the cal-
culating means coupled to the sensing means. The system example further includes a display coupled to the calculating
means, the controller and the display cooperate to depict battery longevity in units of time remaining in the life of the
battery. In an example, the sensing means includes a coulometer. The sensing means includes a capacity-by-voltage
device, in an example. Other types of sensing means can be used without departing from the scope of this disclosure.
In an example, the calculating means includes a microprocessor. Other types of calculating means can be used without
departing from the scope of this disclosure. The calculating means shown and described herein can be implemented
using software, hardware, or combinations of software and hardware.

Implantable Medical Devices

[0029] FIG. 4 illustrates a block diagram of a system with an implantable medical device (IMD), in an example. In this
example, the system includes an IMD 401, an electrical lead 420 coupled to the IMD 401, and at least one electrode
425. In this example, the IMD includes a controller circuit 405, a memory circuit 410, a wireless telemetry circuit 415,
and a stimulation circuit 435. The controller circuit 405 can perform instructions stored in the memory circuit to control
delivery of an electrical stimulation therapy. Therapy can be delivered by the stimulation circuit 435, such as through
the lead 420 and the electrode(s) 425. The wireless telemetry circuit 415 allows communication with an external pro-
grammer 430 or other external device. The programmer 430 can be used to adjust the programmed therapy provided
by the IMD 401, and the IMD can report device data (such as battery capacity remaining and lead resistance) and
physiologic or therapy data (such as sense and stimulation data) to the programmer using wireless telemetry, for example.
The illustrated system also includes sensor circuitry 440 that can be configured to measure capacity consumed for a
device battery 450, in the method of FIG. 6B, for example. The battery 450 can be connected to device 401, such as
via power supply circuitry 455, and can be housed together in device 401, or in a battery housing 460 adjacent the device
401, in an example. The controller circuit 405 processes sensor data from the sensor circuitry and calculates battery
capacity, such as in the disclosed methods. In an example, the disclosed systems and methods can be used with a
leadless device. In an example, one or more satellite electrodes are controlled wirelessly to deliver electrical therapy.
[0030] One of the many applications for dynamic battery management systems incorporating one or more teachings
of the present subject matter includes an implantable heart monitor, which can also provide therapeutic stimulus to a
heart muscle. Thus, for example, an implantable heart monitor can include a pacemaker, a cardioverter/defibrillator, a
cardiac resynchronization therapy (CRT) device, a neurostimulator, a congestive heart failure device, or combinations
or permutations thereof. An implantable heart monitor can include a lead system, which, after implantation, can electrically
contact one or more specified portions of a patient’s heart. Portions of the implantable heart monitor can include a
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monitoring circuit for monitoring heart activity, such as through one or more of the leads of lead system, and a therapy
circuit for delivering electrical energy to a heart, such as through one or more of the leads. The implantable heart monitor
can also include an energy storage component, which includes a battery and at least one capacitor, in certain examples.
[0031] FIG. 5 illustrates a block diagram of a programmer such as illustrated in the system of FIG. 4 or other external
device to communicate with the IMD(s), in an example. FIG. 5 illustrates a programmer 544, such as the programmer
430 illustrated in the system of FIG. 4 or other external device to communicate with the implantable medical device(s),
in an example. Examples of other external devices include, but are not limited to, Personal Digital Assistants (PDAs),
personal laptop and desktop computers, or handheld devices. The illustrated device 544 includes controller circuitry 545
and a memory 546. The controller circuitry 545 can be implemented using hardware, software, or combinations of
hardware and software. In an example, the controller circuitry 545 includes a processor to perform instructions in the
memory 546, such as to perform a number of functions, including communicating data or programming instructions to
the implantable devices. The illustrated device 544 further includes a transceiver 547 and associated circuitry for use
to communicate with an implantable device. Various examples can include wireless communication capability. For
example, an example of the transceiver 547 and associated circuitry can include an antenna such as for use to wirelessly
communicate with an implantable device. The illustrated device 544 further includes a display 548, input/output (I/O)
devices 549 such as a keyboard or mouse/pointer, and a communications interface 550 such as for use to communicate
with other devices, such as over a communication network. The display 548 can be used to display battery longevity for
a battery in the IMD, in an example.

Methods for Battery Measurement Capacity-blending

[0032] FIG. 6A illustrates a flow diagram of a method of combining measured battery capacity for a battery in an
implantable medical device, in an example. In an example of the method 600, battery capacity consumed in an implantable
device can be measured using two or more measuring devices, at 602. In an example, the measurements from measuring
devices are combined using a weighted average to determine battery capacity consumed, at 604.
[0033] In an example, measuring battery capacity consumed includes measuring battery capacity using a coulometer,
a capacity-by-voltage device, a software coulometer, or a charge-time measuring device (which can use a look-up table
or other technique to convert defibrillation capacitor charge-time to battery capacity consumed or remaining, such as
discussed above). Battery capacity consumed can be measured substantially continuously or on an ongoing periodic
or recurrent basis, such as, daily, hourly, or in a variety of frequencies, in an example. Battery capacity consumed can
be reported to a controller daily, hourly, or in a variety of frequencies, in an example. Measuring battery capacity consumed
using a coulometer includes measuring battery capacity using a coulometer that can be calibrated for accuracy, in an
example. In an example, measuring battery capacity consumed includes measuring battery capacity in units of Am-
pere·hours (Ahr).
[0034] FIG. 6B illustrates a flow diagram of a method for measuring capacity consumed for a battery in an implantable
medical device, in an example. In an example of the method 610, battery capacity consumed can be measured using
a coulometer during a first time period, at 612. Measurements from the coulometer and measurements of battery capacity
consumed using a capacity-by-voltage device are capacity-blended during a second time period, at 614. Battery capacity
consumed can be measured using the capacity-by-voltage device during a third time period, at 616.
[0035] In an example, the first time period begins at the beginning of life of the battery and ends when the battery has
50% capacity consumed. The second time period begins when the battery has 50% capacity consumed and ends when
the battery has 75% capacity consumed, in an example. In an example, the third time period begins when the battery
has 75% capacity consumed and ends when the battery capacity expires. Other measures can be used to define the
time periods, without departing from the scope of this disclosure. As discussed above, capacity-blending measurements
from the coulometer and the capacity-by-voltage device can include computing a weighted average of the measurements
in an example. The computed weighted average includes a linear weighted average, in some examples. In an example,
measuring battery capacity consumed using the capacity-by-voltage device includes using a look-up table that relates
battery voltage to battery capacity consumed.

Methods for Displaying Battery Longevity

[0036] FIG. 6C illustrates a flow diagram of a method for displaying battery longevity for a battery in an implantable
medical device, in an example. In an example of the method 620, remaining battery capacity for an implantable device
can be sensed, at 622, and battery longevity calculated based on the sensed capacity, at 624. Battery longevity can be
displayed in units of time remaining in the life of the battery such as in the form of a semi-circular gauge, at 626.
[0037] In an example, the method also includes calculating power consumption rate using a coulometer, and displaying
the power consumption rate. In an example, sensing remaining battery capacity includes using a coulometer to measure
capacity. Sensing remaining battery capacity includes using a capacity-by-voltage device to measure capacity, in an
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example. In an example, sensing remaining battery capacity includes using a capacity-by-voltage device and a coulometer
to measure capacity. In an example, the measurements from the capacity-by-voltage device and the coulometer are
capacity-blended to determine battery capacity consumed. In an example, the method also includes calculating battery
life phase from sensed capacity.
[0038] FIG. 6D illustrates a flow diagram of a method for dynamically allocating capacity for a battery in an implantable
medical device, in an example. In an example of the method 630, remaining battery capacity can be sensed for an
implantable device, at 632. An average or other central tendency of power consumed by the device can be calculated
at 634, in an example. In this example, remaining battery capacity can be allocated based on average power consumed,
at 636. In an example, calculating average power consumed includes reporting average power consumed recurrently
or periodically, such as daily, hourly or weekly.
[0039] In an example, average power consumed can be used to create a dynamic system that allocates battery capacity
between an explant indicator (in units of measured capacity) and cessation of therapy. The display provides feedback
to a clinician so that the clinician can observe the decreased device longevity resulting from overly aggressive program-
ming, in an example.
[0040] FIGS. 8A-8E illustrate screen displays for the system of FIG. 3, used to display battery longevity, in an example.
As discussed with respect to the method of FIG. 6C, battery longevity can be displayed in units of time remaining in the
life of the battery. FIG. 8A illustrates a screen display including a lead signal display 802, a patient information display
804, a lead status display 806, a battery status display 801, an events summary display 808, and a settings summary
display 810. In this example, the battery status display 801 includes a "gas gauge" type (or semi-circular gauge) graphic
803 with a needle to depict the battery longevity. Battery longevity can be also displayed with text 805, conveying the
remaining battery life in units of time. The battery status display 801 further includes a button for battery status, in an
example. Other types of battery longevity displays are within the scope of this disclosure. FIG. 8B illustrates a screen
display of battery status screen 811 including the lead signal display. FIG. 8C illustrates a screen display of battery detail
screen 821. The battery detail screen 821 shows average power and capacity consumed, in an example. Lead signal
display 802 can be also depicted. FIG. 8D illustrates a battery status screen 831 including a one-year to explant indicator,
similar to the screen of FIG. 8B. In FIG. 8D, however, the gauge indicates that the battery has reached its explant indicator.
[0041] FIG. 8E illustrates a screen display of battery status screen 841, where the battery capacity remaining can be
depicted in graphic format. The graph includes a rectangular timeline with the left side indicating implant and the right
explant. In addition, a present status indicator and a 1-year to explant indicator are included, in an example. In addition,
thickness of a line on the graph can be used to indicate the rate of power consumption, in an example. A cumulative
capacity remaining line chart can also be included; and can change dynamically in response to programming changes
to show predicted or future power consumption and time to explant. Other shapes and types of battery longevity displays
are within the scope of this disclosure.

Abnormal Battery Depletion Detection

[0042] In normal operation, the device can use blending of coulometer and battery voltage measurements to estimate
battery longevity, or time-to-explant. If a high-current depletion fault exists, however, and if the high current path bypasses
or saturates the coulometer, the coulometer may no longer measure charge consumption accurately. In an example,
this high current depletion fault can be detected as a voltage-fault condition as indicated by a drop in battery voltage
violating an alarm threshold battery voltage value. One or more such alarm threshold battery voltage values can be
determined considering one or more of measured battery voltage, battery capacity, possible errors in battery voltage
measurement, or possible errors in battery capacity measurement. Over the life of the battery, more than one alarm
threshold battery voltage value may be used, such as corresponding to different portions of the battery life. In certain
examples, this can improve sensitivity or specificity of the alarms.
[0043] FIG. 9 illustrates a graphical diagram of battery voltage (V) vs. battery capacity (Ahr) providing an example of
battery voltage alarm thresholds for abnormal battery depletion detection in an implantable medical device, in an example.
A maximum battery voltage 905 and minimum battery voltage 910 are depicted, along with a number of voltage alarms
921, 922, 923, 924, 925, 926 and 927. While this example provides seven different alarm thresholds over the course of
the life of the battery, other numbers of alarms can be used. Different alarm voltage thresholds are used as the battery
voltage changes over the life of the battery (shown as battery capacity is consumed). Switching from using one threshold
to another can be determined using the blended battery capacity consumed measurements discussed above. In an
example, for the first 50% of capacity consumed, the coulometer measures battery capacity consumed.
[0044] Between 50% and 62.5% of battery capacity consumed, a blend of coulometer and voltage measurements are
used, preventing an error if the voltage drops and the coulometer is not functioning properly.
[0045] Battery production variations will generally yield an expected range of battery voltage versus battery capacity
characteristic curves. The depicted example in FIG. 9 uses nominal minus one standard deviation for the minimum
voltage 910 and nominal plus one standard deviation for the maximum voltage 905. Since voltage measurements for
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an implantable device can have a specified error in the measurement, the minimum voltage 910 can be further adjusted
downward by the specified error (e.g., 20 mV) and the maximum voltage 905 can be further adjusted up by the specified
error (e.g., 20 mV). Device capacity measurement also has a specified error in the measurement that can be taken into
account when generating the voltage thresholds. For the depicted example, the minimum voltage 910 curve was scaled
toward the left (less capacity) by 10% and the maximum voltage 905 curve was scaled toward right by 10%, to account
for an exemplary error in battery capacity measurements. Because there is no known failure mode that will cause a
higher-than-expected battery voltage, a battery voltage alarm need only be generated if the battery voltage falls below
the minimum voltage 910. A resulting alert or alarm can be telemetrically or otherwise externally provided, such as locally
(e.g., to the patient or another user), or remotely (e.g., over a communication network to a monitoring device available
to a caregiver or other user).
[0046] To reduce or minimize false alarms, the alarm battery voltage threshold can be set below the minimum voltage
910, in certain examples. To increase or maximize sensitivity, the alarm battery voltage threshold can be set higher, for
example, as close to the minimum voltage 910 as possible. While alarm implementation can be simplified by using a
small number of different alarm battery voltage thresholds (e.g., one or two) over different portions of the battery’s life,
better performance can be achieved using more thresholds, or by using a substantially continuous or other function for
calculating the alarm battery voltage thresholds, for example, as a function of battery capacity. In certain examples, a
device uses two independently specifiable alarm battery voltage thresholds for battery voltage depletion detection, but
has built-in capability for five independently specifiable alarm battery voltage thresholds. FIG. 9 shows an example with
seven independently specifiable alarm battery voltage thresholds. For the first 0.60 Ahr, the voltage threshold 921 can
be 3.075 Volts. The second threshold 922 can be in effect from 0.60 Ahr to 0.85 Ahr and has a threshold of 3.060 Volts.
In an example, two of two daily battery voltage measurements in violation of the alarm battery voltage threshold value
triggers the alarm. In another example, a single battery voltage measurement in violation of the alarm battery voltage
threshold value triggers the alarm.
[0047] FIG. 10 illustrates a flow diagram of a method for abnormal battery depletion detection in an implantable device,
in an example. In an example, at 1005 battery capacity consumed can be measured using charge provided by the battery
(such as by a coulometer, in an example) and, at 1010 battery capacity consumed can be measured using a capacity-
by-voltage device. At 1015, the measurements are blended to determine battery status. At 1020, a drop in battery voltage
below one or more programmable thresholds can be detected to identify a high-current depletion fault, and at 1025, an
alarm can be provided to indicate the fault has been detected, in an example. The alarm can be provided locally to a
patient or remotely over a communication network, such as over a wireless network. To detect a drop in voltage below
a threshold, voltage can be measured and compared to the threshold daily or more than once daily, in an example. In
an example, the alarm can be provided when at least two battery voltage measurements are below the one or more
programmable thresholds. Low voltage measurements due to voltage recovery from a non-fault high current draw con-
dition are suppressed to avoid false alarms. Switching from using one threshold to another can be based upon blended
battery capacity consumed measurements. The thresholds can be calculated using a substantially continuous function,
or other function. In an example, the thresholds are set below the minimum voltage to reduce false alarms. The coulometer
measures batter capacity includes continuously and reports capacity consumed daily in units of Ampere-hours (Ahr), in
an example.
[0048] The system of FIG. 1 can be adapted for abnormal depletion detection in an implantable device. An example
of the system 100 includes a coulometer (device 102) configured to measure capacity of the battery 108 and a capacity-
by-voltage device (device 104) configured to use a sensed battery voltage to measure battery capacity. A controller 106
connected to the coulometer and the capacity-by-voltage device can be configured to combine the measurements from
the coulometer and the capacity-by-voltage device, using a weighted average to determine battery capacity consumed.
The controller 106 can be configured to detect a drop in the sensed battery voltage below a specified threshold to identify
a high-current depletion fault. In an example, the controller can be further configured to provide an alarm to indicate the
fault has been detected. The alarm can include a message provided on display 110, in an example. The specified
threshold can be determined as a function of battery capacity consumed, can include different thresholds corresponding
to different portions of battery life, and can be calculated using a substantially continuous or other function, which can
be based at least in part upon blended battery capacity consumed measurements. In an example, the one or more
programmable thresholds decrease in voltage over the battery life and can include at least seven separate threshold
values. Other numbers of threshold values are possible without departing from the scope of this disclosure.
[0049] The use of voltage thresholds for triggering alarms can consider causes of low voltage conditions that would
not warrant the triggering of an alarm (e.g., false positives). An example of one such condition is voltage recovery of the
device. Power draw from the battery can transiently depress the battery voltage. A high voltage charge can depress the
measured battery voltage for hours or days. The voltage measurement procedure described above can include detecting
and suppressing low voltage measurements that are due to voltage recovery from a non-fault high current draw condition.
A voltage recovery procedure can be designed to blank low voltage for known reasons, and to filter voltage for noise.
A side-effect of the filtering can be a delay in reporting measured voltage to the rest of the system. Voltage recovery
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can add a delay of up to three days, in an example. In an example, voltage and capacity measurements are taken daily.
In some examples, measurements for abnormal battery depletion detection occur daily.
[0050] In an example, battery status can be determined by measuring battery capacity (e.g., using a coulometer) for
a first portion of the life of the battery (wherein the "first portion" of the life of the battery can be also measured using a
battery capacity determination, such as a coulometer). The above-described battery voltage alarms can be used during
this first portion of the battery life, such as to detect an abnormal high-current fault condition that may bypass the
coulometer. In this example, during the last portion of the life of the battery, battery status can be determined by using
a battery voltage measurement, and thus, use of one or more separate battery voltage alarms can be generally less
important during this latter portion of the battery life. As the battery voltage decreases during this latter portion of battery
life, a battery status indicator can move to "explant" and then to "end-of-life" (EOL). Declaring a battery voltage fault
near explant or EOL can be of less benefit to the patient or clinician as the device will likely be replaced anyway at this time.

Additional Notes

[0051] The above detailed description includes references to the accompanying drawings, which form a part of the
detailed description. The drawings show, by way of illustration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as "examples." Such examples can include elements in
addition to those shown and described. However, the present inventors also contemplate examples in which only those
elements shown and described are provided.
[0052] In this document, the terms "a" or "an" are used, as is common in patent documents, to include one or more
than one, independent of any other instances or usages of "at least one" or "one or more." In this document, the term
"or" is used to refer to a nonexclusive or, such that "A or B" includes "A but not B," "B but not A," and "A and B," unless
otherwise indicated. In the appended claims, the terms "including" and "in which" are used as the plain-English equivalents
of the respective terms "comprising" and "wherein." Also, in the following claims, the terms "including" and "comprising"
are open-ended, that is, a system, device, article, or process that includes elements in addition to those listed after such
a term in a claim are still deemed to fall within the scope of that claim. Moreover, in the following claims, the terms "first,"
"second," and "third," etc. are used merely as labels, and are not intended to impose numerical requirements on their
objects.
[0053] Method examples described herein can be machine or computer-implemented at least in part. Some examples
can include a computer-readable medium or machine-readable medium encoded with instructions operable to configure
an electronic device to perform methods as described in the above examples. An implementation of such methods can
include code, such as microcode, assembly language code, a higher-level language code, or the like. Such code can
include computer readable instructions for performing various methods. The code may form portions of computer program
products. Further, the code may be tangibly stored on one or more volatile or non-volatile computer-readable media
during execution or at other times. These computer-readable media may include, but are not limited to, hard disks,
removable magnetic disks, removable optical disks (e.g., compact disks and digital video disks), magnetic cassettes,
memory cards or sticks, random access memories (RAMs), read only memories (ROMs), and the like.
[0054] The above description is intended to be illustrative, and not restrictive. For example, the above-described
examples (or one or more aspects thereof) may be used in combination with each other. Other embodiments can be
used, such as by one of ordinary skill in the art upon reviewing the above description. Also, in the above Detailed
Description, various features may be grouped together to streamline the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature is essential to any claim. Rather, inventive subject matter may lie in less
than all features of a particular disclosed embodiment. Thus, the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate embodiment. The scope of the invention should
be determined with reference to the appended claims, along with the full scope of equivalents to which such claims are
entitled.

Claims

1. A system, comprising:

a coulometer (102) configured to measure battery capacity;
a capacity-by-voltage device (104) configured to use a sensed battery voltage to measure battery capacity;
a controller (106), coupled to the coulometer and the capacity-by-voltage device, the controller configured to
combine the measurements from the coulometer and the capacity-by-voltage device, characterised in that
the controller uses a weighted average to determine battery capacity consumed; and
wherein the controller (106) is configured to detect a drop in the sensed battery voltage below a specified
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threshold to identify a high-current depletion fault, the specified threshold determined as a function of battery
capacity consumed as computed using the weighted average.

2. The system of claim 1, wherein the controller is further configured to provide an alarm to indicate the fault has been
detected.

3. The system of any of the preceding claims, wherein the specified threshold includes different thresholds correspond-
ing to different portions of battery life.

4. The system of claim 3, wherein the different thresholds are calculated using a substantially continuous function.

5. The system of claim 4, wherein the function is based at least in part upon battery capacity consumed.

6. The system of any of claims 3 through 5, wherein the specified threshold decreases in voltage over the battery life.

7. The system of any of claims 3 through 6, wherein the different thresholds include at least seven separate threshold
values.

8. A method for detecting abnormal depletion for a battery in an implantable medical device, the method comprising:

measuring battery capacity consumed by measuring a charge provided by the battery;
measuring battery capacity consumed using a capacity-by-voltage measurement; characterised in
blending, using a weighted average, measurements from the measured charge provided by the battery and the
capacity-by-voltage measurement;
detecting a drop in battery voltage below a specified threshold to identify a high-current depletion fault, the
specified threshold determined as a function of battery capacity consumed as computed using the weighted
average; and
providing an alarm to indicate the fault has been detected.

9. The method of claim 8, wherein providing an alarm includes providing the alarm locally to a patient.

10. The method of claim 8, wherein providing an alarm includes providing the alarm remotely over a communication
network.

11. The method of claim 10, wherein providing the alarm remotely over a communication network includes providing
the alarm over an at least partially wireless network.

12. The method of any of claims 8 through 11, wherein detecting a drop in voltage includes measuring battery voltage
daily.

13. The method of any of claims 8 through 11, wherein detecting a drop in voltage includes measuring battery voltage
more than once daily.

14. The method of claim 13, wherein providing an alarm includes providing an alarm when at least two battery voltage
measurements are below the one or more programmable thresholds.

15. The method of any of claims 8 through 14, wherein detecting a drop in voltage includes detecting and suppressing
low voltage measurements that are due to voltage recovery from a non-fault high current draw condition.

Patentansprüche

1. Ein System umfassend:

ein Coulombmeter (102) dazu ausgelegt, Batteriekapazität zu messen;
eine Kapazität-durch-Spannung-Vorrichtung dazu ausgelegt, eine abgetastete Batteriespannung zu verwen-
den, um Batteriekapazität zu messen;
ein Controller (106), gekoppelt an das Coulombmeter und die Kapazität-durch-Spannung-Vorrichtung, wobei
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der Controller dazu ausgelegt ist, die Messungen des Coulombmeters und der Kapazität-durch-Spannung-
Vorrichtung zu kombinieren,
charakterisiert dadurch, dass
der Controller ein gewichtetes Mittel verwendet, um die verbrauchte Batteriekapazität zu bestimmen; und
wobei der Controller (106) dazu ausgelegt ist, einen Abfall in der abgetasteten Spannung unterhalb eines
spezifizierten Schwellwertes zu detektieren, um einen Hochstrom-Abreicherungsfehler zu identifizieren,
wobei der spezifizierte Schwellwert bestimmt wird als eine Funktion verbrauchter Batteriekapazität, wie berech-
net unter Verwendung des gewichteten Mittels.

2. Das System nach Anspruch 1, wobei der Controller weiter dazu ausgelegt ist, einen Alarm bereit zu stellen, um
anzuzeigen, dass ein Fehler detektiert worden ist.

3. Das System nach irgendeinem der vorangehenden Ansprüche, wobei der spezifizierte Schwellwert unterschiedliche
Schwellwerte umfasst, die unterschiedlichen Teilen der Batterielebensdauer entsprechen.

4. Das System nach Anspruch 3, wobei die unterschiedlichen Schwellwerte unter Verwendung einer im Wesentlichen
kontinuierlichen Funktion berechnet werden.

5. Das System nach Anspruch 4, wobei die Funktion mindestens teilweise auf verbrauchter Batteriekapazität basiert.

6. Das System nach irgendeinem der Ansprüche 3 bis einschließlich 5, wobei der spezifizierte Schwellwert hinsichtlich
Spannung über die Batterielebensdauer abfällt.

7. Das System nach irgendeinem der Ansprüche 3 bis einschließlich 6, wobei die unterschiedlichen Schwellwerte
mindestens sieben separate Werte für den Schwellwert umfassen.

8. Ein Verfahren zum Detektieren abnormaler Abreicherung für eine Batterie in einer implantierbaren medizinischen
Vorrichtung, das Verfahren umfassend:

Messen von verbrauchter Batteriekapazität durch Messen einer Ladung, die durch die Batterie bereitgestellt
wurde;
Messen von verbrauchter Batteriekapazität unter Verwendung einer Kapazität-durch-Spannung-Messung;
gekennzeichnet durch:

Vermischen, unter Verwendung eines gewichteten Mittels, von Messungen von der gemessenen Ladung,
die durch die Batterie und die Kapazität-durch-Spannung-Messung bereitgestellt wurde;
Detektieren eines Abfalls in der abgetasteten Spannung unterhalb eines spezifizierten Schwellwertes, um
einen Hochstrom-Abreicherungsfehler zu identifizieren, wobei der spezifizierte Schwellwert bestimmt wird
als eine Funktion verbrauchter Batteriekapazität, wie berechnet unter Verwendung des gewichteten Mittels;
und
Bereitstellen eines Alarms, um anzuzeigen, dass ein Fehler detektiert worden ist.

9. Das Verfahren nach Anspruch 8, wobei Bereitstellen eines Alarms umfasst, dass der Alarm lokal einem Patienten
bereitgestellt wird.

10. Das Verfahren nach Anspruch 8, wobei Bereitstellen eines Alarms umfasst, dass der Alarm entfernt über ein Kom-
munikationsnetzwerk bereitgestellt wird.

11. Das Verfahren nach Anspruch 10, wobei Bereitstellen des Alarms entfernt über ein Kommunikationsnetzwerk um-
fasst, dass der Alarm über ein mindestens teilweise drahtloses Netzwerk bereitgestellt wird.

12. Das Verfahren nach irgendeinem der Ansprüche 8 bis einschließlich 11, wobei Detektieren eines Abfalls in Spannung
umfasst, dass Batteriespannung täglich gemessen wird.

13. Das Verfahren nach irgendeinem der Ansprüche 8 bis einschließlich 11, wobei Detektieren eines Abfalls in Spannung
umfasst, dass Batteriespannung mehr als einmal täglich gemessen wird.

14. Das Verfahren nach Anspruch 10, wobei Bereitstellen eines Alarms umfasst, dass ein Alarm bereitgestellt wird,
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wenn mindestens zwei Batteriespannungsmessungen unterhalb des einen oder der mehreren programmierbaren
Schwellwerte sind.

15. Das Verfahren nach irgendeinem der Ansprüche 8 bis einschließlich 14, wobei Detektieren eines Abfalls in Spannung
umfasst, dass niedrige Spannungsmessungen, die auf einer Spannungserholung von einer nichtfehlerhaften Hoch-
strom-Absenkungsbedingung beruhen, detektiert und unterdrückt werden.

Revendications

1. Système comprenant :

un coulombmètre (102) configuré pour mesurer une capacité de batterie ;
un dispositif de capacité par tension (104) configuré pour utiliser une tension de batterie captée pour mesurer
une capacité de batterie ;
un contrôleur (106) couplé au coulombmètre et au dispositif de capacité par tension, le contrôleur étant configuré
pour combiner les mesures provenant du coulombmètre et du dispositif de capacité par tension, caractérisé
en ce que le contrôleur utilise une moyenne pondérée pour déterminer une capacité de batterie consommée ; et
où le contrôleur (106) est configuré pour détecter une baisse dans la tension de batterie captée en-dessous
d’un seuil spécifié pour identifier une défaillance d’épuisement en courant élevé, le seuil spécifié étant déterminé
comme étant une fonction de la capacité de batterie consommée telle que calculée au moyen de la moyenne
pondérée.

2. Système selon la revendication 1, dans lequel le contrôleur est en outre configuré pour délivrer une alarme pour
indiquer que la défaillance a été détectée.

3. Système selon l’une quelconque des revendications précédentes, dans lequel le seuil spécifié comprend différents
seuils correspondant à différentes parties de la vie d’une batterie.

4. Système selon la revendication 3, dans lequel les différents seuils sont calculés au moyen, essentiellement, d’une
fonction continue.

5. Système selon la revendication 4, dans lequel la fonction est basée, au moins en partie, sur une capacité de batterie
consommée.

6. Système selon l’une quelconque des revendications 3 à 5, dans lequel le seuil spécifié décroît en tension au cours
de la vie de la batterie.

7. Système selon l’une quelconque des revendications 3 à 6, dans lequel les différents seuils comprennent au moins
sept valeurs de seuil distinctes.

8. Procédé pour détecter un épuisement anormal d’une batterie dans un dispositif médical implantable, le procédé
comprenant les étapes suivantes :

mesurer une capacité de batterie consommée en mesurant une charge délivrée par la batterie ;
mesurer une capacité de batterie consommée au moyen d’une mesure de capacité par tension ; caractérisé
par les étapes suivantes :
mélanger, au moyen d’une moyenne pondérée, des mesures provenant de la charge mesurée délivrée par la
batterie et la mesure de capacité par tension ;
détecter une baisse dans une tension de batterie en-dessous d’un seuil spécifié pour identifier une défaillance
d’épuisement en courant élevé, le seuil spécifié étant déterminé comme étant une fonction de la capacité de
batterie consommée telle que calculée au moyen de la moyenne pondérée ; et
délivrer une alarme pour indiquer que la défaillance a été détectée.

9. Procédé selon la revendication 8, dans lequel délivrer une alarme comprend de délivrer l’alarme, localement, à un
patient.

10. Procédé selon la revendication 8, dans lequel délivrer une alarme comprend de délivrer l’alarme à distance sur un
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réseau de communication.

11. Procédé selon la revendication 10, dans lequel délivrer l’alarme à distance sur un réseau de communication com-
prend de délivrer l’alarme sur un réseau, au moins en partie sans fil.

12. Procédé selon l’une quelconque des revendications 8 à 11, dans lequel détecter une baisse de tension comprend
de mesurer une tension de batterie quotidiennement.

13. Procédé selon l’une quelconque des revendications 8 à 11, dans lequel détecter une baisse de tension comprend
de mesurer une tension de batterie plus d’une fois par jour.

14. Procédé selon la revendication 13, dans lequel délivrer une alarme comprend de délivrer une alarme lorsqu’au
moins deux mesures de tension de batterie sont en-dessous de l’un ou des divers seuils programmables.

15. Procédé selon l’une quelconque des revendications 8 à 14, dans lequel détecter une baisse de tension comprend
de détecter et de supprimer des mesures de basses tensions qui sont dues à un rétablissement de la tension à
partir d’une condition non défaillante de tirage de courant élevé.
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可以在可植入医疗设备中检测到异常电池耗尽。消耗的电池容量可以使
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并且可以提供警报以指示已经检测到故障。可以将指定的阈值确定为消
耗的电池容量的函数。本文提供了其他方面和实施方案。
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