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Description

TECHNICAL FIELD

[0001] The disclosure relates to implantable medical
devices having multi-dimensional sensors and an asso-
ciated method for determining an optimal signal vector
of the multi-dimensional sensor.

BACKGROUND

[0002] Numerous implantable medical devices (IMDs)
are available for acute or chronic implantation within pa-
tients. Some implantable medical devices may be used
to monitor physiological signals of the patient, such as
cardiac pacemakers, implantable hemodynamic moni-
tors, implantable cardiac monitors (sometimes referred
to as implantable loop recorders or ECG monitors), im-
plantable blood chemistry monitors, implantable pres-
sure monitors, etc. Among the various types of physio-
logical sensors utilized by medical devices for monitoring
patients are electrodes for measuring electrical signals
and/or impedances, piezoelectric crystals, accelerome-
ters, pressure sensors, pH sensors, acoustical sensors,
temperature sensors, and oxygen sensors.
[0003] The physiological signals may be stored, proc-
essed and analyzed by the medical device to generate
physiological data about a patient useful to a clinician in
diagnosing a condition or planning medical treatment.
Some implantable devices may be configured to deliver
a therapy in conjunction with monitoring of physiological
signals. Physiological signals may be processed and an-
alyzed to determine when a therapy is needed or how a
therapy needs to be adjusted to benefit the patient. Ther-
apies delivered by an implantable medical device can
include electrical stimulation therapies, e.g., cardiac pac-
ing, cardioversion/defibrillation shock pulses, or neuros-
timulation, and pharmacological or biological fluid deliv-
ery therapies.
[0004] In order to provide reliable physiological data
needed for determining a medical risk, detecting patho-
logical conditions, controlling automatic therapy delivery
or generally producing data in a form useful to a clinician
for diagnosis and prognosis, reliable sensor signals are
required. For example, patient activity level may be de-
termined from an accelerometer in order to provide rate
responsive pacing at a heart rate that meets the meta-
bolic demand of the patient. An accelerometer signal may
be subject to noise or motion not directly associated with
the motion of the patient activity or exercise, such as
cardiac motion or respiratory motion. Methods are need-
ed for identifying a sensor signal that provides acceptable
signal to noise ratio for reliable signal processing.
[0005] A device according to the invention is defined
in claim 1.
[0006] A device according to the preamble of claim 1
is disclosed in US 2013/289652 A1.

BRIEF DESCRIPTION OF DRAWINGS

[0007]

FIG. 1 is a conceptual diagram illustrating one ther-
apy system that may be used to monitor one or more
physiological parameters of a patient and provide
therapy.
FIG. 2 is one example of an IMD in which techniques
disclosed herein may be implemented.
FIG. 3 is a functional block diagram of an example
configuration of the IMD of FIG. 2.
FIG. 4 is a flow chart of a method for selecting a
sensor vector according to one embodiment.
FIGS. 5A and 5B are example bar graphs illustrating
activity metrics determined as activity counts for
three different accelerometer vectors.
FIG. 6 is a flow chart of a method for selecting a
vector for monitoring patient activity according to an-
other embodiment.
FIG. 7 is a flow chart of a method for triggering an
evaluation of accelerometer vectors according to
one example.
FIG. 8 is a flow chart of a method for selecting an
activity sensor vector for monitoring patient activity
according to another example.
FIGS. 9A and 9B are example bar graphs of activity
counts taken during rest and activity using three dif-
ferent accelerometer vectors.
FIG. 10 is a flow chart of a method for controlling
accelerometer vector selection according to one em-
bodiment.
FIG. 11 is a plot illustrating rate responsive pacing
therapy control parameters that may be automatical-
ly adjusted based on monitored patient activity.
FIG. 12 is a flow chart of a method for controlling
accelerometer vector selection based on the behav-
ior of an auto-adjusted rate-responsive pacing con-
trol parameter.

DETAILED DESCRIPTION

[0008] FIG. 1 is a conceptual diagram illustrating one
therapy system 10 that may be used to monitor one or
more physiological parameters of patient 14 and/or to
provide therapy to heart 12 of patient 14. Therapy system
10 includes IMD 16, configured to communicate wire-
lessly with programmer 24. IMD 16 is an implantable
leadless pacemaker that is capable of providing electrical
signals to heart 12 via one or more electrodes (not shown
in FIG. 1) on its outer housing. Additionally, IMD 16 may
sense electrical signals attendant to the depolarization
and repolarization of heart 12 via electrodes on its outer
housing. In some examples, IMD 16 provides pacing
pulses to heart 12 based on the electrical signals sensed
within heart 12.
[0009] IMD 16 includes a set of active fixation tines to
secure IMD 16 to a patient tissue. IMD 16 may include a
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set of active fixation tines as disclosed in commonly-as-
signed, pre-grant publication U.S. 2012/0172892 (Gru-
bac, et al.). In the example of FIG. 1, IMD 16 is positioned
wholly within heart 12 proximate to an inner wall of right
ventricle 28 to provide right ventricular (RV) pacing. Al-
though IMD 16 is shown within heart 12 and proximate
to an inner wall of right ventricle 28 in the example of
FIG. 1, IMD 16 may be positioned at any other location
outside or within heart 12. For example, IMD 16 may be
positioned outside or within right atrium 26, left atrium
36, and/or left ventricle 32, e.g., to provide right atrial, left
atrial, and left ventricular pacing, respectively.
[0010] Depending on the location of implant, IMD 16
may include other stimulation functionalities. For exam-
ple, IMD 16 may provide atrioventricular nodal stimula-
tion, fat pad stimulation, vagal stimulation, or other types
of neurostimulation. In other examples, IMD 16 may be
a monitor that senses one or more parameters of heart
12 and may not provide any stimulation functionality. In
some examples, system 10 may include a plurality of
leadless IMDs 16, e.g., to provide stimulation and/or
sensing at a variety of locations.
[0011] FIG. 1 further depicts programmer 24 in wire-
less communication with IMD 16. In some examples, pro-
grammer 24 comprises a handheld computing device,
computer workstation, or networked computing device.
Programmer 24 includes a user interface that presents
information to and receives input from a user. It should
be noted that the user may also interact with programmer
24 remotely via a networked computing device.
[0012] A user, such as a physician, technician, sur-
geon, electrophysiologist, other clinician, or patient, in-
teracts with programmer 24 to communicate with IMD
16. For example, the user may interact with programmer
24 to retrieve physiological or diagnostic information from
IMD 16. A user may also interact with programmer 24 to
program IMD 16, e.g., select values for operational pa-
rameters of the IMD 16. The user may use programmer
24 to retrieve information from IMD 16 regarding the
rhythm of heart 12, trends therein over time, arrhythmic
episodes, patient activity and trends in patient activity.
[0013] As an example, the user may use programmer
24 to retrieve information from IMD 16 regarding other
sensed physiological parameters of patient 14 or infor-
mation derived from sensed physiological parameters,
such as intracardiac or intravascular pressure, activity,
posture, tissue oxygen levels, blood oxygen levels, res-
piration, tissue perfusion, heart sounds, cardiac electro-
gram (EGM), intracardiac impedance, or thoracic imped-
ance. In some examples, the user may use programmer
24 to retrieve information from IMD 16 regarding the per-
formance or integrity of IMD 16 or other components of
system 10, or a power source of IMD 16. As another
example, the user may interact with programmer 24 to
program, e.g., select parameters for, therapies provided
by IMD 16, such as pacing and, optionally, neurostimu-
lation.
[0014] IMD 16 and programmer 24 may communicate

via wireless communication. Examples of communica-
tion techniques may include, for example, low frequency
or radiofrequency (RF) telemetry, but other techniques
are also contemplated. In some examples, programmer
24 may include a programming head that may be placed
proximate to the patient’s body near the IMD 16 implant
site in order to improve the quality or security of commu-
nication between IMD 16 and programmer 24.
[0015] IMD 16 further includes a three-dimensional ac-
celerometer (not shown in FIG. 1) capable of producing
motion signals in three different dimensions. For exam-
ple, the accelerometer may produce signals correspond-
ing to motion in three orthogonal vectors, x, y and z. Upon
implantation of IMD 16, the orientation of the three or-
thogonal vectors relative to the patient’s anatomy will be
uncertain since rotation of the IMD 16 can occur during
an implant procedure. Furthermore, the IMD 16 orienta-
tion relative to the patient’s anatomy may change over
time as the IMD 16 is subjected to cardiac motion and
postural changes for example. As such, an accelerome-
ter vector providing the optimal signal-to-noise ratio may
be unknown, will vary between patients and may vary
within a given patient over time due to changes in position
of IMD 16 and/or changes in patient posture or other fac-
tors.
[0016] While a single-chamber leadless device is
shown in FIG. 1, it is recognized that techniques dis-
closed herein may be implemented in numerous types
of implantable medical devices or combinations of im-
plantable medical devices configured for monitoring a
patient and/or delivering a therapy. Techniques dis-
closed herein may be applied to any medical sensor or
combination of sensors having multiple vectors or axes
for sensing a signal used to monitor a patient. Such sen-
sors may be included in cardiac monitors, hemodynamic
monitors, pacemakers, implantable cardioverter defibril-
lators, neurostimulators, drug delivery pumps, or other
medical devices that are implantable or worn by a patient.
The disclosed techniques are particularly useful in se-
lecting an axis or vector of a multi-axis motion sensor.
[0017] FIG. 2 is a conceptual drawing of leadless IMD
16 including tine fixation and electrode subassembly 100,
electronic subassembly 150 and delivery tool interface
158. Delivery tool interface 158 is located at the proximal
end of electronic subassembly 150. Delivery tool inter-
face 158 is configured to connect to a delivery device,
such as a catheter, used to position IMD 16 during an
implantation procedure, for example within a heart cham-
ber.
[0018] Electronic subassembly 150 includes control
electronics 152, which controls the sensing and/or ther-
apy functions of IMD 16, and battery 160, which powers
control electronics 152. Battery 160 may include features
of the batteries disclosed in commonly-assigned U.S.
Pat. No. 8,433,409 (Johnson, et al.). As one example,
control electronics 152 includes sensing circuitry, a stim-
ulation generator and a telemetry module. Control elec-
tronics 152 includes a three-dimensional accelerometer
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in one embodiment for monitoring patient activity for use
in controlling rate-responsive pacing in patient 14.
[0019] Tine fixation subassembly 100 is configured to
anchor leadless IMD 16 to a patient tissue, such as a
wall of heart 12, to position electrode 164 in operative
proximity to a targeted tissue for sensing electrical sig-
nals and/or delivering electrical stimulation pulses. When
IMD 16 is advanced transvenously into the right ventricle,
as shown in FIG. 1 for example, the orientation of IMD
16 may vary and the final orientation of an accelerometer
included in control electronics 152 relative to the patient’s
anatomy may be unknown and may fluctuate with body
movement and cardiac movement as described above.
When the accelerometer is being used to monitor patient
body motion to detect changes in activity as an indication
of changes in metabolic demand, significant artifact will
be present in the accelerometer signal due to cardiac
motion. The techniques disclosed herein may be used
to select an accelerometer vector for monitoring patient
body motion that has an acceptable signal to noise ratio
for distinguishing between different levels of patient ac-
tivity in the presence of cardiac or other motion artifact
that may confound the motion signal of interest.
[0020] The housings of control electronics 152 and bat-
tery 160 are formed from a biocompatible material, such
as a stainless steel or titanium alloy. In some examples,
the housings of control electronics 152 and battery 160
may include an insulating coating. Examples of insulating
coatings include parylene, urethane, PEEK, or polyimide
among others. Electronic subassembly 150 further in-
cludes electrode 162, which may include a low polarizing
coating, such as titanium nitride, iridium oxide, ruthenium
oxide among others. The entirety of the housings of con-
trol electronics 152 and battery 160 are electrically con-
nected to one another, but only electrode 162 and elec-
trode 164 are uninsulated. Electrodes 162 and 164 form
an anode and cathode pair, respectively for bipolar car-
diac sensing and pacing. In other examples, the entirety
of the housing of battery 160 or the entirety of the housing
of electronic subassembly 150 may function as an elec-
trode instead of providing a localized electrode such as
electrode 162. Alternatively, electrode 162 may be elec-
trically isolated from the other portions of the housings
of control electronics 152 and battery 160.
[0021] FIG. 3 is a functional block diagram of an ex-
ample configuration of IMD 16. IMD 16 includes a proc-
essor and control module 80, also referred to herein as
"processor" 80, memory 82, signal generator 84, electri-
cal sensing module 86, and telemetry module 88. IMD
16 additionally includes a multi-dimensional accelerom-
eter 94 for detecting patient body motion for monitoring
patient activity. In various examples, accelerometer 94
may be implemented as a DC or AC accelerometer, a
piezoelectric, piezoresistive or capacitive sensor or a mi-
cro electro-mechanical systems (MEMS) device.
[0022] Accelerometer 94 may be bonded to an inner
surface of the control electronics enclosure or incorpo-
rated on an internal substrate. A pacemaker arrangement

including a piezoelectric accelerometer for detecting pa-
tient motion is disclosed, for example, in U.S. Pat. No.
4,485,813 (Anderson, et al.) and U.S. Pat. No. 5,052,388
(Sivula, et al.). Examples of three-dimensional acceler-
ometers used for sensing patient activity and/or posture
are generally described in U.S. Pat. No. 5,593,431 (Shel-
don), and U.S. Pat. No. 6,044,297 (Sheldon). The tech-
niques disclosed herein can be implemented in conjunc-
tion with a variety of three-dimensional accelerometers.
Generally, three one-dimensional accelerometers are ar-
ranged to respond to acceleration in three different vec-
tors, typically but not necessarily orthogonal vectors, in
three dimensional space.
[0023] An accelerometer signal used for monitoring
patient activity may be analyzed for providing sensor-
indicated pacing rate for controlling rate responsive car-
diac pacing according to patient metabolic demand. Con-
trol of rate responsive pacing using an activity sensor is
generally disclosed in commonly-assigned U.S. Pat. No.
7,031,772 (Condie, et al.). An accelerometer signal may
additionally or alternatively be used for monitoring patient
activity for other patient monitoring, therapy control or
diagnostic purposes. Accelerometer 94 may additionally
be used to determine patient posture, cardiac motion,
respiratory motion or other physiological movement.
[0024] IMD 16 optionally includes other physiological
sensors 90, which may include pressure sensors, pH
sensors, temperature sensors, acoustical sensors, flow
sensors, oxygen sensors, or any other sensor used for
producing a signal responsive to a time-varying physio-
logical condition. Accelerometer 94 and sensors 90 are
shown schematically within IMD 16, however it is recog-
nized that accelerometer 94 and sensors 90 may alter-
natively be carried by a lead extending from IMD 16 or
mounted along the exterior of the IMD electronic sub-
assembly 152.
[0025] Modules 80, 84, 86, 88, 92, memory 82, sensors
90, and accelerometer 94 shown in FIG. 3 may include
any discrete and/or integrated electronic circuit compo-
nents that implement analog and/or digital circuits capa-
ble of producing the functions attributed to IMD 16 herein.
For example, sensing module 86, sensing interface 92,
and processor and control module 80 may include analog
circuits, e.g., amplification circuits, filtering circuits,
and/or other analog circuitry for receiving and processing
signals from electrodes 162 and 164, sensors 90 and
accelerometer 94. Sensing module 86, sensing interface
92 and processing and control module 80 may also in-
clude digital circuits, e.g., combinational or sequential
logic circuits, memory devices, A/D converters, etc. for
processing received signals.
[0026] The functions attributed to IMD 16 herein may
be embodied as one or more processors, hardware,
firmware, software, or any combination thereof. Proces-
sor and control module 80 may include any one or more
of a microprocessor, a controller, a digital signal proces-
sor (DSP), an application specific integrated circuit
(ASIC), a field-programmable gate array (FPGA), or
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equivalent discrete or integrated logic circuitry. In some
examples, processor 80 may include multiple compo-
nents, such as any combination of one or more micro-
processors, one or more controllers, one or more DSPs,
one or more ASICs, or one or more FPGAs, as well as
other discrete or integrated logic circuitry. Depiction of
different features as discrete modules or components is
intended to highlight different functional aspects and
does not necessarily imply that such modules must be
realized by separate hardware or software components.
Rather, functionality associated with one or more mod-
ules may be performed by separate hardware or software
components, or integrated within common or separate
hardware or software components. For example, sensing
interface 92 for receiving and converting analog electrical
signals received from other IMD modules or sensors may
be implemented in hardware and software included in
processor 80 and memory 82.
[0027] Sensing interface 92 is configured to receive
one or more analog signals from electrical sensing mod-
ule 86, sensors 90, and/or accelerometer 94. Sensing
interface 92 includes an A/D converter for converting an-
alog signals to digital signals. Processor 80 receives the
converted digital signals and may analyze the digital sig-
nals for detecting a patient condition, controlling a ther-
apy delivered by signal generator 84, and/or storing pa-
tient data in memory 82 for later transmission to program-
mer 24 via telemetry module 88.
[0028] A power source 96 provides power to each of
the other modules and components of IMD 16 as re-
quired. Processor 80 may execute power control opera-
tions to control when various components or modules
are powered to perform various IMD functions. Power
source 96 may include one or more energy storage de-
vices, such as one or more rechargeable or non-re-
chargeable batteries. Processor 80 may also be config-
ured to perform diagnostic testing of IMD 16, which may
include monitoring the remaining charge of power source
96 and providing a replacement or recharge indicator,
for example. The connections between power source 96
and processor 80 and other IMD modules and compo-
nents are not shown for the sake of clarity.
[0029] Memory 82 may include computer-readable in-
structions that, when executed by processor 80, cause
IMD 16 and processor 80 to perform various functions
attributed throughout this disclosure to IMD 16, processor
80, and sensing interface 92. The computer-readable in-
structions may be encoded within memory 82. Memory
82 may include any non-transitory, computer-readable
storage media including any volatile, non-volatile, mag-
netic, optical, or electrical media, such as a random ac-
cess memory (RAM), read-only memory (ROM), non-vol-
atile RAM (NVRAM), electrically-erasable programma-
ble ROM (EEPROM), flash memory, or other digital me-
dia with the sole exception being a transitory propagating
signal.
[0030] Electrical sensing module 86 monitors cardiac
electrical signals for sensing cardiac electrical events,

e.g. P-waves and R-waves, from the electrodes in order
to monitor electrical activity of heart 112. Sense signals
are used by processor 80 to determine a need for therapy
delivery. Processor and control module 80 includes a
therapy control module that controls signal generator 84
to deliver electrical stimulation therapy, e.g., cardiac pac-
ing, to heart 12 according to a selected one or more ther-
apy programs, which may be stored in memory 82. Signal
generator 84 is electrically coupled to electrodes 162 and
164, to deliver electrical stimulation therapy to heart 12.
Signal generator 84 delivers cardiac pacing pulses ac-
cording to therapy control parameters and responsive to
signals sensed by electrical sensing module 86, sensors
90, and accelerometer 94. Memory 82 stores intervals,
counters, or other data used by processor 80 to control
the delivery of pacing pulses by signal generator 84. In
one example, IMD 16 is a rate responsive pacemaker
that utilizes a patient activity metric derived by processor
80 from a signal received from accelerometer 94 for con-
trolling a rate of pacing therapy delivery by signal gener-
ator 84.
[0031] As described below, processor 80 may auto-
matically adjust a therapy delivery rate and automatically
adjust rate control parameters based on patient activity
monitoring performed using a selected accelerometer
vector signal. The processor 80 is configured to evaluate
the available accelerometer vector signals and select a
vector for monitoring patient activity. A patient activity
metric is determined from the selected accelerometer
vector signal at predetermined intervals of time. The ther-
apy control module included in processor 80 adjusts a
therapy control parameter in response to the metric.
[0032] In one embodiment, processor 80 generates a
historical profile of the activity metric and automatically
adjusts a control parameter used to set a target rate of
therapy delivery in response to the historical profile. For
example a historical level of the activity metric deter-
mined for non-strenuous activities of daily living may be
used to set a target pacing rate for activities of daily living.
The processor compares the automatically adjusted tar-
get rate to an expected trend. For example, the processor
may determine if the target rate has been sequentially
reduced or increased n successive times or become with-
in a minimum range of a lower pacing rate or an upper
pacing rate. Such trends in the target rate are not expect-
ed under optimal pacing conditions. If the target rate ad-
justments fail to meet expected trend criteria, the proc-
essor triggers an evaluation of the accelerometer vector
signals to determine if a more optimal vector signal is
available than the currently selected vector signal.
[0033] FIG. 4 is a flow chart 200 of a method for se-
lecting an accelerometer signal vector according to one
embodiment. The process is started at block 202, which
may be manually initiated by a user, performed on a pe-
riodic scheduled basis, or in response to a trigger. Vari-
ous triggers for starting a vector evaluation process will
be described in greater detail below.
[0034] The method described in conjunction with flow
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chart 200 and other flow charts presented herein relates
primarily to a three-dimensional accelerometer used for
monitoring patient activity. The three dimensions may be
orthogonal vectors corresponding to an x-axis, y-axis and
a z-axis of the accelerometer where the orientation of
these axes are unknown relative to a patient’s anatomy.
The three vectors are not limited to being orthogonal vec-
tors, however. In various examples, a multi-dimensional
accelerometer may be configured to sense motion along
two or more orthogonal or non-orthogonal vectors. While
the illustrative examples presented herein relate to a
three-dimensional accelerometer used for monitoring pa-
tient activity, it is contemplated that the techniques dis-
closed herein may be implemented in conjunction with
multi-dimensional accelerometers used for monitoring
other motion signals or with other types of multi-vector
sensors used for monitoring a patient.
[0035] At block 204, the IMD processor determines if
the patient is in a resting state. This determination may
be made based on user input, time of day, or other phys-
iological signals such as heart rate, respiration rate
and/or posture. In one example a resting state, also re-
ferred to herein as a "resting condition," is determined
from an accelerometer vector signal. Whichever accel-
erometer vector is presently selected for monitoring pa-
tient activity, a nominal vector, or a combination of the
available vector signals may be used to detect rest.
[0036] Various activity metrics may be derived from
the accelerometer signal that are correlated to patient
activity. In the illustrative embodiments described herein,
the activity metric derived from the accelerometer signal
is obtained by integrating the absolute value of a selected
accelerometer vector signal over a predetermined time
duration (such as 2 seconds). This metric is referred to
herein as an "activity count" and is a representation of
the amount of activity detected during the predetermined
time interval. The 2-second (or other time interval) counts
can be used directly to indicate patient activity in some
embodiments or combined in further calculations to ob-
tain other activity metrics. For example, the 2-second in-
terval counts may be averaged or summed over multiple
intervals to determine a patient activity level at a particular
monitoring interval or for establishing an activity profile
over a period of time.
[0037] One example of obtaining an activity count is
disclosed in commonly-assigned U.S. Pat. No. 6,449,508
(Sheldon, et al.). In another example, an activity count
for use in rate responsive pacing is generally disclosed
in U.S. Pat. No. 5,562,711 (Yerich, et al.). Briefly, an ac-
tivity count is determined as a count of the number of
times the accelerometer signal peak is greater than a
predetermined threshold during a predetermined time in-
terval. Other methods for using an accelerometer for
monitoring patient activity for controlling pacing rate are
generally disclosed in pre-grant U.S. Publication No.
20030078624 (Carlson, et al.).
[0038] Once a resting contion of the patient is detected,
a metric used to represent patient activity is derived from

the accelerometer signal for each of the available accel-
erometer vectors at block 206. This may be done for all
three vectors of the three-dimensional accelerometer si-
multaneously if the IMD is configured to sense and proc-
ess all three vector signals simultaneously. In other em-
bodiments, the IMD may be configured to sense and
process only one vector signal at a time. In either case,
after determining an activity metric for all three vectors,
the resting condition may be reconfirmed at block 208 to
ensure that the patient’s activity level did not change, as
determined at block 210, during the acquisition of the
activity metrics for each vector during a resting condition.
The IMD processor may determine the activity metric
from the same vector(s) used to detect rest at block 204
to verify the activity metric has not changed from a resting
level. If it has changed, the results obtained so far may
be discarded and the process may restart at block 212
by returning to block 204 to await detection of a resting
condition again.
[0039] If resting metrics are successfully determined
for each vector during a detected and verified resting
condition, the process advances to block 214 to wait for
the patient’s activity to change from the resting level to
a non-resting or active level. A predetermined activity
threshold may be defined which must be met in order to
begin acquiring activity metrics for each vector at block
216. All three vectors may be processed simultaneously
to derive an activity metric for all three vectors during the
non-resting condition. The processor may reconfirm the
patient activity level at block 218 to validate the data ac-
quisition for a confirmed period of non-resting patient ac-
tivity. If the patient activity level detected at block 214,
which was required to start activity data acquisition at
block 216, is still present after deriving the activity metrics
for all vectors, as determined at block 220, the activity
metrics are deemed valid. If the patient activity level is
not the same, e.g., has fallen below the threshold or
changed by more than some percentage from the level
detected at block 214, the activity metrics may be
deemed invalid, and the process is repeated until valid
data is obtained.
[0040] Once a resting metric and a non-resting metric
are obtained for each vector, a ratio or difference between
the resting metric and the non-resting metric are deter-
mined for each vector at block 222. The vector having
the greatest difference between rest and activity is se-
lected for monitoring patient activity at block 224. The
vector having the greatest difference is expected to have
the greatest signal-to-noise ratio and enable changes in
activity to be reliably detected for use in controlling rate
responsive pacing, for example. Patient body motion in-
dicative of activity is discernable from cardiac motion on
a single vector that has the greatest difference between
a metric obtained at rest and one obtained during activity.
In other examples, other criteria may be applied to the
resting and non-resting activity metrics under evaluation
for selecting an acceptable vector for patient monitoring.
Other criteria may include comparisons between vectors
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and/or comparisons to other sensor signals.
[0041] Fig. 5A is an example bar graph 300 illustrating
activity metrics determined as counts shown along the
Y-axis 302 for three different accelerometer vectors 304,
306 and 308 shown along the X-axis 310. Vector 1 304
is used for initial rest detection and activity counts are
determined for Vector 1 over three different time intervals
(represented by the three bars) during patient rest. Sim-
ilarly, the activity metric is determined for three time in-
tervals for Vectors 2 (306) and 3 (308). The time intervals
for determining activity metrics for a given vector may be
consecutive as the vectors are selected one at a time.
Alternatively, time intervals for determining activity met-
rics for a given vector may be non-consecutive. For ex-
ample, activity counts may be determined over 2 second
intervals for each vector sequentially and that process is
repeated 3 times to obtain three metrics for each vector.
[0042] In this example, Vector 1 (304) is used for ini-
tially detecting a resting condition for enabling resting
data acquisition. After obtaining activity metrics, in this
example activity counts, for the desired number of time
intervals for each vector, the resting condition is recon-
firmed by determining the activity metric for Vector 1
again at 312. If the average activity counts for Vector 1
determined at 312 have changed significantly since ini-
tially detecting rest at 305, e.g. by more than a predeter-
mined percentage such as 10%, the activity metrics de-
termined for rest may be discarded and the process may
be restarted as described above. In particular, if the av-
erage activity metric has increased indicating the patient
is no longer in a resting state, data acquisition for the
resting condition may need to be repeated in order to
obtain reliable resting condition activity metrics for each
vector.
[0043] FIG. 5B is an example bar graph 350 depicting
activity metrics determined for each vector 304, 306 and
308 during activity. Vector 1 304 is used to detect activity
above a threshold level at 352 to initiate data acquisition
during non-resting activity. As described above, activity
counts may be determined for each vector during con-
secutive or non-consecutive time intervals for each of the
three vectors. After obtaining activity counts for each vec-
tor for the desired number of time intervals, the activity
level based on Vector 1 (304) is reconfirmed at 354 to
verify that the patient activity has stayed within a prede-
termined range of the initial activity level detected at 352.
[0044] After obtaining activity metrics for all vectors
during both rest and non-resting conditions, an average
ratio or difference between the resting activity metric and
the non-resting activity metric is determined for each vec-
tor. The vector having the greatest difference between
rest and activity is selected for monitoring patient activity.
In this example, Vector 2 has an activity-to-rest ratio of
roughly 3:1 which leads to selection of Vector 2 for patient
monitoring over Vectors 1 and 3, which each have a ratio
of roughly 2:1.
[0045] FIG. 6 is a flow chart 400 of a method for se-
lecting a vector for monitoring patient activity according

to another embodiment. The process is started at block
402 in response to user input, a vector evaluation sched-
ule, or another trigger as further described below. The
process shown by FIG. 6 does not require detection of
specific resting levels and non-resting levels of activity
in order to begin acquiring data. Instead, a vector is se-
lected at block 404, and the activity metric is sampled
throughout a predetermined time interval at block 406
using the selected vector signal. For example, the activity
metric may be determined every n seconds or minutes
over a period of m hours. To illustrate, activity counts
produced by a processor every 2 seconds may be aver-
aged over one minute for a 24 hour period. During that
24-hour period, the patient is expected to engage in var-
ying levels of activity. By sampling the activity count
throughout a day, it is expected that counts are obtained
during periods of rest and during periods of activity or
exertion.
[0046] The activity metric is sampled at a predeter-
mined sampling rate over a predetermined time interval
for each vector being evaluated. Once data for the pre-
determined time interval has been obtained for all vec-
tors, as determined at decision block 408, the process
may be repeated for a desired number of time intervals
for all vectors. For example, each vector may be selected
for three 24-hour periods.
[0047] Once activity metrics have been sampled for all
vectors for the desired number of time intervals, as de-
termined at decision block 410, a metric range is deter-
mined for each vector at block 412. A vector resulting in
the greatest range between a minimum activity metric
(presumed to be rest) and a maximum activity metric (dur-
ing exertion) is selected for monitoring patient activity at
block 414.
[0048] To exclude outliers, averaging or selecting cer-
tain percentiles for determining the activity metric range
may be used. For example, if 2-second activity counts
are determined as the activity metric, the 2-second ac-
tivity counts may be averaged over one minute or another
predetermined interval. The highest and lowest one
minute averages may be used to determine the vector
range. In another example, a predetermined number of
the lowest activity counts obtained over a 24-hour period
may be averaged to determine the rest activity count. A
predetermined number of the highest activity counts may
be averaged to determine a maximum activity count. The
averaged lowest counts and the averaged highest counts
define the range of the activity metric for a given vector.
Alternatively, percentiles could be used to select repre-
sentative upper and lower boundaries of an activity metric
range for a given vector. For example, all activity counts
between the 95th percentile and the 99th percentile may
be averaged to determine the maximum activity count
value defining the upper range for a given vector.
[0049] The greatest range is expected to have the
greatest signal to noise ratio when the sensor vector is
subjected to other motion, such as cardiac motion when
implanted in or near the heart. In this way, activity metrics
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for a first sensing condition, e.g. a low or resting level of
activity and for a second sensing condition, e.g. a high
or vigorous activity level, can be determined without de-
tecting and reconfirming the sensing conditions prior to
and after data acquisition as described in conjunction
with FIG. 4.
[0050] FIG. 7 is a flow chart 450 of a method for trig-
gering an evaluation of accelerometer vectors according
to one example. At block 452, the activity metric moni-
tored for indicating patient activity is compared to a cor-
related physiological parameter derived from another
sensor to determine if there is agreement between the
currently detected patient activity level or trend in activity
and the correlated parameter. For example, the activity
metric may be compared to a heart rate determined from
sensed electrical signals. If the heart rate is high but the
activity metric is indicating a resting level, this discrep-
ancy may indicate a bad accelerometer vector is being
used for monitoring activity. If the heart rate is low, but
the activity metric is indicating a high level of activity, the
vector signal may have a low signal-to-noise ratio.
[0051] Accordingly, one trigger for evaluating the ac-
celerometer vectors is a discrepancy between a current
activity metric and a correlated physiological parameter,
as detected at block 454. Comparisons may be made
between the activity metric and a correlated physiological
parameter on a periodic basis to monitor for a faulty sen-
sor vector or loss of signal quality.
[0052] If a discrepancy is detected at block 454, the
sensor vectors are evaluated at block 458 using the tech-
niques described above in conjunction with FIGS. 4 or 6
for acquiring activity metric data for available sensing
vectors and selecting a sensing vector based on the data.
[0053] During the sensor vector evaluation, a faulty
vector may be identified. For example, a vector may not
be producing a signal that represents the full range of
patient activity. A situation may exist in which the activity
metric is not varying significantly from a resting value
while heart rate is varying as expected between a resting
heart rate and various active heart rates as the patient
engages in various activities throughout the day. By pe-
riodically determining a relationship between activity and
heart rate, a discrepancy in the activity metric can be
recognized.
[0054] A vector may be identified as a faulty vector at
block 460 when it does not change with patient activity
based on a secondary parameter such as heart rate or
based on comparisons between vectors. The vector iden-
tified as faulty may be rejected at block 462 for use in
future patient monitoring. One of the remaining available
vectors is selected at block 464 using criteria established
to identify the vector producing an activity metric having
a greatest difference between a resting level and an ac-
tive level or the greatest activity metric range over a de-
fined period of time.
[0055] FIG. 8 is a flow chart 500 of a method for se-
lecting an activity sensor vector for monitoring patient
activity according to another example. The method

shown by flow chart 500 is useful for recognizing a faulty
sensing vector that is being used for monitoring patient
activity and selecting a different vector for patient moni-
toring. At block 502, an initial sensing vector is selected.
The initial vector may be a nominal vector and may be
verified by a clinician or technician as having an accept-
able signal to noise ratio for monitoring patient activity.
[0056] A value of the activity metric that is derived from
the selected accelerometer vector signal as being indic-
ative of patient rest is established at block 504. In exam-
ples that position the accelerometer in or near the heart
subjecting the accelerometer vectors to cardiac motion,
cardiac motion will contribute significantly to the accel-
erometer signal at rest. The cardiac motion artifact is ex-
pected to be considerably higher when the accelerometer
is positioned within the heart than when the accelerom-
eter is positioned outside the heart, such as in a pectoral,
abdominal or peripheral site. An activity count or other
metric that includes cardiac motion artifact at rest is es-
tablished to set a resting value or threshold of the activity
metric.
[0057] Monitoring of patient activity is performed at
block 506 using one or more activity metrics derived from
the selected vector signal. The activity metric resting val-
ue may continue to be updated during patient monitoring
to establish and maintain a historic resting value. Moni-
toring continues using the selected vector until the IMD
processor determines it is time to evaluate the acceler-
ometer vectors (block 508). This determination at block
508 may be based on a scheduled time, a user command,
or one or more triggers as disclosed herein.
[0058] At block 510, the activity metric is compared to
the historically established resting value. If the currently
selected vector has not produced activity metric values
less than the historically established resting value, the
vector is considered valid and working. The valid vector
is used to detect a resting condition for starting vector
evaluation as described in conjunction with FIG. 4. Ac-
tivity metric data is acquired for all available vectors at
block 514.
[0059] If the activity metric for the currently selected
vector is significantly below the established historic rest-
ing value, the vector may be broken or stuck. If the cur-
rently selected vector is producing a low level metric that
is less than the established resting level, the selected
vector is not reliable for verifying a resting condition and
an activity condition during the sensor vector evaluation
process. Instead, a resting condition is detected using
one or more of the other available vectors at block 512.
The activity metric is determined for all vectors during
the detected resting condition at block 514 as described
previously, e.g. for one or more consecutive or non-con-
secutive time intervals.
[0060] A low level activity metric may also be used as
the trigger that initiates sensor vector evaluation at block
508. An activity metric that remains below the historically
established activity metric resting value for a predeter-
mined interval of time or predetermined number of time
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intervals may indicate a broken or stuck accelerometer
vector.
[0061] At block 516, the resting condition of the patient
may be reconfirmed using whichever vector or combina-
tion of vectors that was used to detect rest before acquir-
ing activity metric data for the resting condition. Once
activity metrics for a validated resting condition of the
patient are acquired for all vectors, the process advances
to block 518 to acquire data during patient activity.
[0062] At block 518, an activity level greater than a
predetermined threshold is detected using one or more
vectors. Similar to verifying the resting condition, an ac-
tive condition is verified using the currently selected vec-
tor as long as it has not been disqualified due to too low
of a signal level. Otherwise, one or more of the remaining
available vectors are used to detect activity greater than
a predetermined threshold at block 518.
[0063] Once a non-resting activity level is detected, the
activity metric is determined for all available vectors at
block 520. The activity level may be reconfirmed at block
522 to promote valid acquisition of activity metrics from
all vectors during the same or similar level of activity.
Using the activity metrics determined for each vector dur-
ing rest and activity, a vector is selected at block 524 for
monitoring patient activity, for example based on a great-
est difference between the resting value and the active
value of the metric for a given vector.
[0064] FIG. 9A is an example bar graph of activity
counts, shown along Y-axis 552, taken during rest using
three different accelerometer vectors (562, 564, and 566
shown along X-axis 554). In this example, Vector 1 (562)
is the programmed vector for monitoring patient motion.
A historically established resting level 556 represents the
activity count at rest that includes artifact due to cardiac
motion present in the accelerometer signal when the pa-
tient is at rest. In addition to the resting level 556, an
activities of daily living (ADL) level 558 has been estab-
lished which indicates a level up to which activity ac-
counts indicate normal daily activities of the patient, such
as walking, moving around the home, and other non-
strenuous or non-vigorous activity. Activity counts great-
er than the ADL level 558 indicate increased activity as-
sociated with exercise or exertion.
[0065] At the time of accelerometer evaluation, Vector
1 562 results in an activity count that is significantly less
than the established historic resting activity count level
556. In one example, if the activity count is less than the
historical resting level 556 for several minutes, a faulty
accelerometer is suspected. As a result of the low level
signal on Vector 1, Vector 2 (564) or Vector 3 (566) or a
combination of both is selected for detecting rest. The
activity counts obtained from Vector 2 are consistent with
the historical resting level 556. Vector 2 is used for de-
tecting rest, and activity counts are determined for both
Vector 2 (564) and Vector 3 (566) for a desired number
of time intervals. The resting condition is reconfirmed us-
ing Vector 2 at 560.
[0066] FIG. 9B is an example bar graph 580 of activity

counts determined during patient activity after acquiring
the resting data shown in FIG. 9A. After verifying the rest-
ing condition using Vector 2, Vector 2 is also used to
monitor activity until an activity count greater than the
ADL level 558 is detected. Activity counts for each of the
vectors are determined for a desired number of time in-
tervals. The activity counts from Vector 2 may be re-
checked at 570 to verify the patient’s active condition has
not fallen below the ADL level 558 during the data acqui-
sition.
[0067] The difference between the activity counts from
Vector 1 at rest and activity clearly indicate a faulty vector.
Vector 1 activity counts during activity remained below
the established resting level 556. Vector 1 is therefore
rejected for use in patient monitoring. Vector 2 presented
the greatest difference in activity counts between rest
and activity and is selected for monitoring patient activity.
[0068] FIG. 10 is a flow chart 600 of a method for con-
trolling accelerometer vector selection according to one
embodiment. In some examples, the activity metric de-
termined from an accelerometer vector signal is used in
automatically adjusting a therapy delivery parameter.
One method for determining when the accelerometer
vector is no longer providing a reliable signal is to monitor
the value, trend, and/or frequency that an auto-adjusted
control parameter is adjusted based on the activity met-
ric. For example, if the parameter is being changed too
often, hasn’t changed at all in a longer time than expect-
ed, has been sequentially increased multiple times or
sequentially decreased multiple times, has reached a
minimum or maximum value, or presented other behavior
that deviates from an expected or desired trend, the ac-
celerometer vector may be unreliable.
[0069] Accordingly, when a therapy control parameter
is automatically adjusted in response to an activity metric
at block 602, the value or trend of the auto-adjusted pa-
rameter is compared to an expected range or trend at
block 604. If the therapy control parameter is within ex-
pected bounds or trends, as determined at block 606,
the processor waits at block 612 until the next adjustment
is made to the therapy control parameter at block 602. If
the auto-adjusted parameter fails to meet an expected
trend (or presents an unexpected trend), the accelerom-
eter vectors are evaluated at block 608. Based on the
evaluation, a new vector may be selected for monitoring
patient activity at block 610 according to the techniques
described above.
[0070] FIG. 11 is a plot 700 illustrating rate responsive
pacing therapy control parameters that may be automat-
ically adjusted based on monitored patient activity. As
patient activity level changes, pacing rate is adjusted ac-
cording to a sensor-indicated pacing rate (SIR) computed
from the activity metric and targeted pacing rates based
on activity level setpoints. Activity metric thresholds or
setpoints used for controlling the SIR may also be ad-
justed based on the patient’s activity. For example, a low-
er pacing rate 704 may be set for activity metrics up to a
baseline resting level of activity 702 that is expected to
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include cardiac motion noise when the IMD is implanted
within a heart chamber. An ADL pacing rate 708 is de-
fined for an ADL level 706 (or range) of the activity metric.
The pacing rate is adjusted according to a slope or trans-
fer function 714 defined by the LR 704 and the ADL rate
708 as the activity metric changes between the baseline
resting level 702 and the ADL rate 708. The ADL rate
708 may be a targeted pacing rate determined to be op-
timal for the particular patient’s normal daily activities.
[0071] An upper rate (UR) limit 712 defines a maximum
pacing rate for a maximum expected activity level 710.
The SIR used to pace the patient’s heart is adjusted ac-
cording to a slope or transfer function 716 as the patient’s
activity varies between the ADL level 706 and the max-
imum activity level 710.
[0072] The baseline resting level 702 that controls
when the lower pacing rate 704 is delivered, the ADL
level 706 that controls when a change between the trans-
fer functions 714 and 716 is made for determining a SIR,
and the maximum activity level 710 used to control when
the maximum upper rate 712 is delivered may all be ad-
justed based on monitored activity. For example, the ADL
level 706 (at which ADL rate 708 is applied) may be ad-
justed based on a patient’s monitored activity over time.
Trends and averages of the activity count determined
over 24 hour periods may be used to generate a patient
activity profile for setting the ADL level 706 and the max-
imum activity level 710, for example.
[0073] A rate profile optimization may be performed
based upon daily or other longer-term activity data. The
IMD processor may generate setpoints in order to influ-
ence the pacing rate to achieve optimal rates for patient
need. The ADL setpoint 706 is set for determining when
the target ADL pacing rate 708 is applied based on the
patient profile. The ADL pacing rate 708 is generated
based upon a pacing rate believed to be optimum for the
daily activities for a patient. A device and methods for
establishing activity metric setpoints for controlling pac-
ing rate are disclosed in the above-incorporated ’772 pat-
ent (Condie, et al.).
[0074] FIG. 12 is a flow chart 800 of a method for con-
trolling accelerometer vector selection based on the be-
havior of an auto-adjusted rate-responsive pacing control
parameter. In delivering rate responsive cardiac pacing,
the pacing rate is adjusted according to a SIR within the
operating parameters defined by the target rates and as-
sociated setpoints as shown in FIG. 11. Accordingly, a
trigger for evaluating accelerometer vectors may be
based on adjustments to the SIR not meeting expected
criteria. In other words, the delivered pacing rate may be
monitored to determine if an unexpected trend in pacing
rate is detected. If so, the accelerometer vector may be
sub-optimal or faulty. Additionally or alternatively, a trig-
ger for vector evaluation is based on adjustments to the
setpoints used to set the target pacing rates (i.e. a LR,
ADL rate and/or UR). The setpoints are based on historic
patient activity profiles and an unexpected value or trend
of the setpoints may indicate an unacceptable acceler-

ometer vector.
[0075] FIG. 12 represents a method that combines
both of these types of triggers for evaluating accelerom-
eter vectors, i.e. a trigger based on the trend of the SIR
pacing rate and a trigger based on the trend of the auto-
matically adjusted setpoints used to control target pacing
rates. In other implementations one or the other of these
types of triggers may be used.
[0076] At block 802, if an activity-based target rate con-
trol parameter is adjusted based on patient activity mon-
itored using an accelerometer vector, the IMD processor
determines if a trigger for evaluating accelerometer vec-
tors is met at block 804. The trigger represents criteria
relating to the value or trend of the adjusted target rate
control parameter.
[0077] In one example with reference to FIG. 11, rate
responsive pacing setpoints (e.g. 702, 706, and 710) for
controlling the LR, ADL rate, and UR (704, 708, and 712,
respectively) may be set every twenty-four hours based
on the patient’s activity monitored during the previous
day. If the LR setpoint 702 is decreased a certain number
of days in a row, e.g. four consecutive days, an acceler-
ometer vector evaluation is triggered. Low level activity
metrics due to a faulty vector may be causing the LR
setpoint 702 to be repeatedly reduced. In another exam-
ple, if a lower rate setpoint and an ADL setpoint are less
than a threshold difference apart, i.e. slope 714 becomes
too steep, a vector evaluation is triggered at block 804.
[0078] In various embodiments, one or more trigger
criteria may be defined relating to LR setpoint 702, ADL
setpoint 706 and UR setpoint 710 or combinations there-
of that trigger a vector evaluation. The criteria may in-
clude consecutive decreases, consecutive increases,
reaching a maximum or minimum allowable value, set-
points being too close together or too far apart or resulting
in too high or too low of slopes 714 and 716 between set
points. Depending on the particular algorithm or control
parameters being used to control target pacing rates dur-
ing rate responsive pacing, numerous criteria can be con-
ceived for causing an evaluation of the accelerometer
vectors based on a value or trend of one or more target
rate control parameters that are automatically adjusted
based on monitored activity.
[0079] If trigger criteria are met (block 804), the accel-
erometer vectors are evaluated at block 806 according
to the methods described above. A new vector may be
selected for monitoring patient activity at block 808 if the
currently selected vector no longer meets acceptable sig-
nal-to-noise ratio or another vector results in a better sig-
nal-to-noise ratio. It is recognized that various criteria
may be applied to the vector activity metric data at block
808 for selecting an optimal or acceptable vector for a
particular patient monitoring application. Examples of se-
lection criteria include the maximum rest-to-activity ratio
or maximum range of activity metrics over a predeter-
mined time interval as described above, but other criteria
could be conceived and defined.
[0080] If trigger criteria based on adjustments to target
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rate control parameters, such as setpoints, are not met
at block 804, the trend of the SIR pacing rate may be
examined at block 805. One or more triggers relating to
the delivered pacing rate may be defined which cause
accelerometer vector evaluation. For example, if the de-
livered pacing rate remains at a target rate (the LR, ADL
rate or UR) for a threshold interval of time, a vector eval-
uation is performed at block 806. Separate threshold time
intervals may be defined for each target rate. For exam-
ple, if pacing is delivered at the LR for more than 3 days
without increasing and the patient has historically been
paced at the ADL rate and above the ADL rate on a daily
basis, vector evaluation is triggered. If the patient is
paced at the UR for more than one hour and has histor-
ically not remained at an activity level producing the UR
as the SIR for more than a 20 minute interval, the vector
evaluation is triggered at block 806.
[0081] The trigger criteria relating to delivered pacing
rate behavior is not limited to the time intervals spent
pacing at the LR, ADL rate and UR only. For example, if
the pacing rate remains along slope 714 or slope 716 for
more than a threshold interval of time, the vector evalu-
ation may be triggered. These and other criteria may be
used for triggering a vector evaluation based on a deliv-
ered sensor-indicated pacing rate trend. A new vector
may be selected at block 808 based on the evaluation
data.
[0082] If pacing at a target rate has not occurred for
greater than a threshold interval of time, as determined
at block 805, the process returns to block 802. The proc-
essor continues to monitor for target rate adjustment trig-
gers (block 804) and pacing rate triggers (block 805) dur-
ing the ongoing activity monitoring and rate responsive
pacing therapy.
[0083] It is recognized that the techniques disclosed in
the flow charts presented herein may be combined in
different combinations than those shown and described
here. For example, various combinations of triggers for
causing vector evaluations and various techniques for
acquiring vector signal data may be used for evaluating
and selecting an accelerometer vector for patient moni-
toring other than the specific examples described herein.
[0084] Thus, various embodiments of a medical device
and method have been described for selecting a vector
of a multi-dimensional sensor for monitoring a patient.
However, one of ordinary skill in the art will appreciate
that various modifications may be made to the described
embodiments without departing from the scope of the
following claims.

Claims

1. An implantable medical device, comprising:

a multi-dimensional accelerometer (94) config-
ured to sense motion corresponding to a plurality
of vectors; and

a processor (80) configured to:

evaluate the plurality of vectors by:

receiving a signal from the accelerom-
eter for each of the plurality of vectors;
determining a first value of a metric from
the signal for each of the plurality of vec-
tors during a first sensing condition;
determining a second value of the met-
ric from the signal for each of the plu-
rality of vectors during a second sens-
ing condition; determining a difference
between the first and second values of
the metric determined for the first sens-
ing condition and the second sensing
condition for each of the plurality of vec-
tors,

characterised in that:
the processor is further configured to select,
based upon the determined differences, one of
the plurality of vectors for monitoring the patient;
and in that:
the implantable medical device further compris-
es:
a therapy delivery module controlled by the proc-
essor to adjust a therapy delivery control param-
eter in response to values of the metric deter-
mined from the accelerometer signal for the se-
lected vector during patient monitoring.

2. The device of claim 1, wherein the accelerometer is
a three-dimensional accelerometer having three or-
thogonal vectors.

3. The device of any of claims 1 and 2, wherein the
processor is configured to:

determine the metric as a patient activity metric,
determine the first value of the metric for the first
sensing condition when the patient is at rest, and
determine the second value of the metric for the
second sensing condition when the patient is
not at rest.

4. The device of any of claims 1-3, wherein the proc-
essor is further configured to:

establish a historical value of the metric for the
first sensing condition; and
trigger the evaluating of the plurality of vectors
in response to patient monitoring resulting in the
metric not meeting the historical value for a pre-
determined interval of time.

5. The device of any of claims 1-4,
the processor further configured to:
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compare the adjusted therapy control parameter
to an expected trend of the therapy control pa-
rameter; and
automatically trigger the evaluating of the plu-
rality of vectors in response to the comparing.

6. The device of claim 5, wherein the therapy control
parameter is a parameter for controlling rate respon-
sive cardiac pacing.

7. The device any of claims 5 and 6, wherein the ther-
apy control parameter is an activity level setpoint that
is used to set a target pacing rate.

8. The device of any of claims 1-7, wherein the proc-
essor is further configured to:
determine the value of the metric for each of the plu-
rality of vectors over a predetermined number of time
intervals.

9. The device of claim 8, wherein determining the first
value of the metric for the first sensing condition and
determining the second value of the metric for the
second sensing condition comprises determining a
range of the metric over the predetermined number
of time intervals for each of the plurality of vectors.

10. The device of claim 5 or 6, wherein the processor is
further configured to:

determine the value of the metric at predeter-
mined intervals of time using the selected vector;
control a therapy control parameter in response
to the metric;
generate a historical profile of the metric;
automatically adjust an activity setpoint for con-
trolling a targeted rate of therapy delivery in re-
sponse to the historical profile;
compare the automatically adjusted activity set-
point to a trend criteria; and
trigger the evaluating in response to the auto-
matically adjusted activity setpoint not meeting
the trend criteria.

11. The device of any of claims 1-10, wherein the proc-
essor is further configured to:
confirm that the first sensing condition still exists after
determining the first value of the metric for each of
the plurality of vectors during the first sensing con-
dition; and confirm that the second sensing condition
still exists after determining the second value of the
metric for each of the plurality of vectors during the
second sensing condition.

Patentansprüche

1. Implantierbare medizinische Vorrichtung, die Fol-

gendes umfasst:

einen mehrdimensionalen Beschleunigungs-
messer (94), der konfiguriert ist, um eine Bewe-
gung zu erfassen, die einer Vielzahl von Vekto-
ren entspricht; und
einen Prozessor (80), der konfiguriert ist, um:

die Vielzahl von Vektoren zu bewerten,
durch:

Empfangen eines Signals von dem Be-
schleunigungsmesser für jeden der
Vielzahl von Vektoren;
Bestimmen eines ersten Werts einer
Kennzahl aus dem Signal für jeden der
Vielzahl von Vektoren während eines
ersten Erfassungszustands;
Bestimmen eines zweiten Werts der
Kennzahl aus dem Signal für jeden der
Vielzahl von Vektoren während eines
zweiten Erfassungszustands;
Bestimmen einer Differenz zwischen
dem ersten und dem zweiten Wert der
Kennzahl, die für den ersten Erfas-
sungszustand und den zweiten Erfas-
sungszustand für jeden der Vielzahl
von Vektoren bestimmt wurden,

dadurch gekennzeichnet, dass:

der Prozessor ferner konfiguriert ist, um
basierend auf den bestimmten Diffe-
renzen einen der Vielzahl von Vektoren
auszuwählen, um den Patienten zu
überwachen;
und dadurch, dass:
die implantierbare medizinische Vor-
richtung ferner Folgendes umfasst:
ein Therapiezufuhrmodul, das durch
den Prozessor gesteuert wird, um ei-
nen Therapiezufuhrsteuerparameter
anzupassen als Reaktion auf Werte der
Kennzahl, die aus dem Beschleuni-
gungsmessersignal für den ausge-
wählten Vektor während einer Patien-
tenüberwachung bestimmt wurden.

2. Vorrichtung nach Anspruch 1, wobei der Beschleu-
nigungsmesser ein dreidimensionaler Beschleuni-
gungsmesser ist, der drei orthogonale Vektoren auf-
weist.

3. Vorrichtung nach einem der Ansprüche 1 und 2, wo-
bei der Prozessor konfiguriert ist, um:

die Kennzahl als eine Patientenaktivitätskenn-
zahl zu bestimmen,
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den ersten Wert der Kennzahl für den ersten
Erfassungszustand zu bestimmen, wenn der
Patient sich in einem Ruhezustand befindet, und
den zweiten Wert der Kennzahl für den zweiten
Erfassungszustand zu bestimmten, wenn sich
der Patient nicht in einem Ruhezustand befin-
det.

4. Vorrichtung nach einem der Ansprüche 1-3, wobei
der Prozessor ferner konfiguriert ist, um:

einen historischen Wert der Kennzahl für den
ersten Erfassungszustand zu konstatieren; und
die Bewertung der Vielzahl von Vektoren als Re-
aktion auf eine Patientenüberwachung auszu-
lösen, deren Ergebnis ist, dass die Kennzahl
den historischen Wert für ein vorbestimmtes
Zeitintervall nicht erfüllt.

5. Vorrichtung nach einem der Ansprüche 1-4, wobei
der Prozessor ferner konfiguriert ist, um:

den angepassten Therapiesteuerparameter mit
einer erwarteten Tendenz des Therapiesteuer-
parameters zu vergleichen; und
automatisch die Bewertung der Vielzahl von
Vektoren als Reaktion auf das Vergleichen aus-
zulösen.

6. Vorrichtung nach Anspruch 5, wobei der Therapie-
steuerparameter ein Parameter zum Steuern von
frequenzadaptiver kardialer Stimulation ist.

7. Vorrichtung nach Anspruch 5 oder 6, wobei der The-
rapiesteuerparameter ein Aktivitätsniveausollwert
ist, der verwendet wird, um eine Zielstimulationsfre-
quenz einzustellen.

8. Vorrichtung nach einem der Ansprüche 1-7, wobei
der Prozessor ferner konfiguriert ist, um:
den Wert der Kennzahl für jeden der Vielzahl von
Vektoren über eine vorbestimmte Anzahl von Zeitin-
tervallen zu bestimmen.

9. Vorrichtung nach Anspruch 8, wobei das Bestimmen
des ersten Werts der Kennzahl für den ersten Erfas-
sungszustand und das Bestimmen des zweiten
Werts der Kennzahl für den zweiten Erfassungszu-
stand ein Bestimmen eines Schwankungsbereichs
der Kennzahl über die vorbestimmten Anzahl von
Zeitintervallen für jeden der Vielzahl von Vektoren
umfasst.

10. Vorrichtung nach Anspruch 5 oder 6, wobei der Pro-
zessor ferner konfiguriert ist, um:

den Wert der Kennzahl in vorbestimmten Zeitin-
tervallen unter Verwendung des ausgewählten

Vektors zu bestimmen;
einen Therapiesteuerparameter als Reaktion
auf die Kennzahl zu steuern;
ein historisches Profil der Kennzahl zu erzeugen
einen Aktivitätssollwert automatisch anzupas-
sen, um eine zielgerichtete Rate von Therapie-
zufuhr als Reaktion auf das historische Profil zu
steuern;
den automatisch angepassten Aktivitätssollwert
mit einem Tendenzkriterium zu vergleichen; und
die Bewertung auszulösen als Reaktion darauf,
dass der automatisch angepasste Aktivitätssoll-
wert das Tendenzkriterium nicht erfüllt.

11. Vorrichtung nach einem der Ansprüche 1-10, wobei
der Prozessor ferner konfiguriert ist, um:

zu bestätigen, dass der erste Erfassungszu-
stand nach dem Bestimmen des ersten Werts
der Kennzahl für jeden der Vielzahl von Vekto-
ren während des ersten Erfassungszustands
noch existiert; und
zu bestätigen, dass der zweite Erfassungszu-
stand nach dem Bestimmen des zweiten Werts
der Kennzahl für jeden der Vielzahl von Vekto-
ren während des zweiten Erfassungszustands
noch existiert.

Revendications

1. Dispositif médical implantable, comprenant :

un accéléromètre multi-dimensionnel (94) con-
çu pour détecter un mouvement correspondant
à une pluralité de vecteurs ; et
un processeur (80) conçu pour :
évaluer la pluralité de vecteurs par :

réception d’un signal provenant de l’accé-
léromètre pour chacun des vecteurs de la
pluralité de vecteurs ;
détermination d’une première valeur d’un
paramètre à partir du signal pour chacun
des vecteurs de la pluralité de vecteurs pen-
dant un premier état de détection ;
détermination d’une seconde valeur du pa-
ramètre à partir du signal pour chacun des
vecteurs de la pluralité de vecteurs pendant
un second état de détection ;
détermination d’une différence entre les
première et seconde valeurs du paramètre
déterminé pour le premier état de détection
et le second état de détection pour chacun
des vecteurs de la pluralité de vecteurs,
caractérisé en ce que :

le processeur est conçu en outre pour
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sélectionner, sur la base des différen-
ces déterminées, un vecteur de la plu-
ralité de vecteurs afin de surveiller le
patient ;
et en ce que :
le dispositif médical implantable com-
prend en outre :
un module d’administration de traite-
ment commandé par le processeur afin
d’ajuster un paramètre de commande
d’administration de traitement en ré-
ponse à des valeurs du paramètre dé-
terminées à partir du signal de l’accé-
léromètre pour le vecteur sélectionné
pendant la surveillance du patient.

2. Dispositif selon la revendication 1, dans lequel l’ac-
céléromètre est un accéléromètre en trois dimen-
sions comportant trois vecteurs perpendiculaires.

3. Dispositif selon l’une quelconque des revendications
1 et 2, dans lequel le processeur est conçu pour :

déterminer le paramètre en tant que paramètre
d’activité du patient,
déterminer la première valeur du paramètre
pour le premier état de détection lorsque le pa-
tient est au repos, et
déterminer la seconde valeur du paramètre pour
le second état de détection lorsque le patient
n’est pas au repos

4. Dispositif selon l’une quelconque des revendications
1 à 3, dans lequel le processeur est en outre conçu
pour :

établir une valeur historique du paramètre pour
le premier état de détection ; et
déclencher l’évaluation de la pluralité de vec-
teurs en réponse à une surveillance d’un patient
ayant pour résultat que le paramètre ne corres-
pond pas à la valeur historique pour un intervalle
de temps prédéterminé.

5. Dispositif selon l’une quelconque des revendications
1 à 4, le processeur étant, en outre, conçu pour :

comparer le paramètre de commande de traite-
ment ajusté à une tendance attendue du para-
mètre de commande de traitement ; et
déclencher automatiquement l’évaluation de la
pluralité de vecteurs en réponse à la comparai-
son.

6. Dispositif selon la revendication 5, dans lequel le pa-
ramètre de commande de traitement est un paramè-
tre de commande de stimulation cardiaque en fonc-
tion de la fréquence.

7. Dispositif selon l’une quelconque des revendications
5 et 6, dans lequel le paramètre de commande de
traitement est une consigne de niveau d’activité ser-
vant à définir une fréquence de stimulation cible.

8. Dispositif selon l’une quelconque des revendications
1 à 7, dans lequel le processeur est conçu en outre
pour :
déterminer la valeur du paramètre pour chaque vec-
teur de la pluralité de vecteurs pendant un nombre
prédéterminé d’intervalles de temps.

9. Dispositif selon la revendication 8, dans lequel la dé-
termination de la première valeur du paramètre pour
le premier état de détection et la détermination de la
seconde valeur du paramètre pour le second état de
détection comprennent la détermination d’une plage
du paramètre pendant le nombre prédéterminé d’in-
tervalles de temps pour chaque vecteur de la plura-
lité de vecteurs.

10. Dispositif selon la revendication 5 ou 6, dans lequel
le processeur est conçu, en outre, pour :

déterminer la valeur du paramètre à des inter-
valles de temps prédéterminés à l’aide du vec-
teur sélectionné ;
commander un paramètre de commande de
traitement en réponse au paramètre ;
générer un profil historique du paramètre ;
ajuster automatiquement une consigne d’activi-
té pour la commande d’une fréquence cible
d’administration du traitement en réponse au
profil historique ;
comparer la consigne d’activité ajustée automa-
tiquement à un critère de tendance ; et
déclencher l’évaluation en réponse au non-res-
pect du critère de tendance par la consigne d’ac-
tivité ajustée automatiquement.

11. Dispositif selon l’une quelconque des revendications
1 à 10, dans lequel le processeur est conçu, en outre,
pour :

confirmer que le premier état de détection existe
toujours après la détermination de la première
valeur du paramètre pour chaque vecteur de la
pluralité de vecteurs pendant le premier état de
détection ; et
confirmer que le second état de détection existe
toujours après la détermination de la seconde
valeur du paramètre pour chaque vecteur de la
pluralité de vecteurs pendant le second état de
détection.

25 26 



EP 3 086 707 B1

15



EP 3 086 707 B1

16



EP 3 086 707 B1

17



EP 3 086 707 B1

18



EP 3 086 707 B1

19



EP 3 086 707 B1

20



EP 3 086 707 B1

21



EP 3 086 707 B1

22



EP 3 086 707 B1

23



EP 3 086 707 B1

24



EP 3 086 707 B1

25



EP 3 086 707 B1

26

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 2013289652 A1 [0006]
• US 20120172892 A, Grubac [0009]
• US 8433409 B, Johnson [0018]
• US 4485813 A, Anderson [0022]
• US 5052388 A, Sivula [0022]
• US 5593431 A, Sheldon [0022]

• US 6044297 A, Sheldon [0022]
• US 7031772 B, Condie [0023]
• US 6449508 B, Sheldon [0037]
• US 5562711 A, Yerich [0037]
• US 20030078624 A, Carlson [0037]



专利名称(译) 选择活动响应向量的方法和装置

公开(公告)号 EP3086707A1 公开(公告)日 2016-11-02

申请号 EP2014824301 申请日 2014-12-16

[标]申请(专利权)人(译) 美敦力公司

申请(专利权)人(译) 美敦力公司，INC.

当前申请(专利权)人(译) 美敦力公司，INC.

[标]发明人 DEMMER WADE M
SHELDON TODD J

发明人 DEMMER, WADE M.
SHELDON, TODD J.

IPC分类号 A61B5/00 A61B5/11 A61N1/365

CPC分类号 A61B5/1118 A61B5/4836 A61B5/686 A61B5/7221 A61B2562/0219 A61N1/36542 A61N1/36578

优先权 14/139092 2013-12-23 US

其他公开文献 EP3086707B1

外部链接 Espacenet

摘要(译)

医疗设备和相关方法通过从每个矢量的加速度计接收信号并在第一感测
条件期间和第二感测条件期间根据每个矢量的信号确定度量来评估多维
加速度计的矢量。确定针对每个矢量针对第一感测条件确定的度量与针
对每个矢量的第二感测条件之间的差异。基于所确定的差异选择一个载
体用于监测患者。

https://share-analytics.zhihuiya.com/view/117ee634-8e7a-4941-8db3-cc035b94be6f
https://worldwide.espacenet.com/patent/search/family/052282974/publication/EP3086707A1?q=EP3086707A1

