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NOISE DETECTION AND MODULATION OF
CLOSED-LOOP THERAPY ACTION

TECHNICAL FIELD

This disclosure generally relates to electrical stimulation
therapy, and more specifically, control of electrical stimula-
tion therapy.

BACKGROUND

Medical devices may be external or implanted and may be
used to deliver electrical stimulation therapy to patients via
various tissue sites to treat a variety of symptoms or con-
ditions such as chronic pain, tremor, Parkinson’s disease,
epilepsy, urinary or fecal incontinence, sexual dysfunction,
obesity, or gastroparesis. A medical device may deliver
electrical stimulation therapy via one or more leads that
include electrodes located proximate to target locations
associated with the brain, the spinal cord, pelvic nerves,
peripheral nerves, or the gastrointestinal tract of a patient.
Stimulation proximate the spinal cord, proximate the sacral
nerve, within the brain, and proximate peripheral nerves are
often referred to as spinal cord stimulation (SCS), sacral
neuromodulation (SNM), deep brain stimulation (DBS), and
peripheral nerve stimulation (PNS), respectively.

SUMMARY

In general, the disclosure describes techniques for imple-
menting closed-loop responsive stimulation in which a
medical device may adjust therapy output based on sensed
signals. A medical device according to this disclosure may
implement techniques to mitigate the impact on the therapy
output of noise coupled into the medical device. A medical
device according to this disclosure also may implement
techniques to mitigate the impact of manual adjustment
while the medical device is subject to noise or is responding
to changes in the patient’s physiological signals.

In one example, this disclosure describes a method
includes receiving information indicative of a sensed evoked
compound action potential (ECAP) signal; determining a
value of a characteristic of the ECAP signal based on the
information, wherein the ECAP signal is elicited by a
respective stimulation pulse of a plurality of stimulation
pulses; executing a closed loop policy that adjusts, based on
the value of the characteristic of the ECAP signal, a value of
a parameter that at least partially defines stimulation
therapy; determining that the value of the characteristic of
the ECAP signal is outside of an expected range; and.
responsive to determining that the value of the characteristic
of the ECAP signal is outside of the expected range, dis-
abling the closed loop policy.
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by the processing circuitry is determining values of the
parameter that defines the electrical stimulation therapy;
responsive to determining that the control policy is deter-
mining values of at the parameter that defines the electrical
stimulation therapy, reject the request to change the value of
the parameter.

The details of one or more examples of the disclosure are
set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the dis-
closure will be apparent from the description and drawings,
and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a conceptual diagram illustrating an example
system that includes an implantable medical device (MD)
configured to deliver spinal cord stimulation (SCS) therapy
and an external programmer, in accordance with one or more
techniques of this disclosure.

FIG. 2 is a block diagram illustrating an example con-
figuration of components of the IMD of FIG. 1, in accor-
dance with one or more techniques of this disclosure.

FIG. 3 is a block diagram illustrating an example con-
figuration of components of the external programmer of
FIG. 1, in accordance with one or more techniques of this
disclosure.

FIG. 4 is a graph of example evoked compound action
potentials (ECAPs) sensed for respective stimulation pulses,
in accordance with one or more techniques of this disclo-
sure.

FIG. 5 is an example timing diagram illustrating an
example of electrical stimulation pulses, respective stimu-
lation signals, and respective sensed ECAPs, in accordance
with one or more techniques of this disclosure.

FIG. 6 is a timing diagram illustrating an example closed
loop response to a sensed ECAP that is outside of a
predetermined range, in accordance with one or more tech-
niques of this disclosure.

FIG. 7 is a timing diagram illustrating an example tech-
nique for suspending a closed loop algorithm, in accordance
with one or more techniques of this disclosure.

FIG. 8 is a timing diagram illustrating an example medical
device providing electrical stimulation while suspending a
closed loop algorithm, in accordance with one or more
techniques of this disclosure.

FIG. 9 is a timing diagram illustrating an example of
recovering a suspended closed-loop algorithm, in accor-
dance with one or more techniques of this disclosure.

FIG. 10 is a flow diagram illustrating an example opera-
tion for suspending and recovering a suspended closed-loop
algorithm, in accordance with one or more techniques of this
disclosure.

FIG. 11 is a timing diagram illustrating an example of a
medical device providing electrical stimulation while sus-
pending a closed loop algorithm, in accordance with one or
more techniques of this disclosure.

FIG. 12 is a timing diagram illustrating an example of a
medical device sensing noise abatement while suspending a
closed loop algorithm, in accordance with one or more
techniques of this disclosure.



PatentOracle
C1P20S02 — cited transcript excerpt. FIG. 13 is a timing diagram illustrating an example of
re-starting a suspended closed-loop algorithm, in accordance
with one or more techniques of this disclosure.

FIG. 14 is a timing diagram illustrating an example of an
attempted recovery for a suspended closed-loop algorithm,
in accordance with one or more techniques of this disclo-
sure.
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FIG. 15 is a flow diagram illustrating an example opera-
tion for suspending and recovering a suspended closed-loop
algorithm, in accordance with one or more techniques of this
disclosure.

FIG. 16 is a flow chart illustrating an example operation
for managing patient input while delivering electrical stimu-
lation therapy, in accordance with one or more techniques of
this disclosure.

DETAILED DESCRIPTION

The disclosure describes techniques for implementing
closed-loop responsive stimulation in which a medical
device may adjust therapy output based on sensed signals. A
medical device according to this disclosure may include
techniques to mitigate the impact on the therapy output of
noise coupled into the medical device.

In some examples, a closed-loop responsive medical
device may control electrical stimulation therapy by sensing
an evoked compound action potential (ECAP). An ECAPS
Responsive Stimulation (ERS) therapy based medical
device may be configured to modulate therapy output (e.g.,
contro! and adjust one or more parameter values that define
therapy) in response to measured ECAPS. Therapy output
may be in the form of an electrical stimulation pulse, such
as a voltage pulse or a current pulse, defined by a set of
therapy parameters, e.g. stimulation amplitude, frequency,
pulse width, pulse shape and other parameters. For example,
in response to determining that a characteristic of the
measured ECAP signal (e.g., a voltage amplitude) has
deviated from a target ECAP characteristic, the system may
change the values of one or more stimulation parameters of
the next one or more output pulses delivered to the patient.
For example, the system may increase or decrease a current
amplitude or a pulse width of the output electrical stimula-
tion pulse.
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perceived response to the therapy provided by the medical
device. A patient may manually increase the default stimu-
lation level using the adjustment tool. In examples in which
the patient manually adjusts the default stimulation level
while the medical device is reducing stimulation intensity
because of the presence of noise, or the medical device is
adapting to changes in the patient’s physiological signals,
when the noise is removed, or when the physiological
signals change again, the new default stimulation parameter
values may cause the system to deliver inappropriate stimu-
lation (over or under stimulation) resulting in patient dis-
comfort. A medical device according to this disclosure may
include techniques to mitigate the impact of noise on the
therapy output and mitigate the impact of manual adjustment
while the medical device is subject to noise or is responding
to changes in the patient’s physiological signals. Also, a
medical device according to this disclosure may determine
the presence of noise and alter the closed-loop algorithm to
provide the necessary therapy to the patient and avoid
prolonged under stimulation caused by the noise.

The term “stimulation signal” may be used herein to
describe a signal that the medical device senses that repre-
sents a stimulation pulse delivered by the medical device.
This stimulation signal may also be referred to as an
“artifact” in the sensed signals. One or more sense electrodes
of the medical device may detect a stimulation signal due to
one or more stimulation electrodes proximate to the sense
electrodes delivering a stimulation pulse. In this way, deliv-
ering a stimulation pulse may cause the medical device to
sense a respective stimulation signal during a window of
time substantially overlapping with the delivery of the
stimulation pulse. An electrical potential of the stimulation
electrodes during the window of time in which the medical
device delivers the stimulation pulse may cause the sensing
circuitry of the medical device to generate a sense signal
which is representative of the stimulation pulse delivered
during the window of time. The stimulation signal is thus
representative of electrical potential changes in tissue
directly caused by the delivered stimulation pulse. Con-
versely, an ECAP is a signal representative of physiological
action (e.g., depolarizing nerve fibers) caused by the stimu-
lation pulse. In this way, stimulation signals may be at least
partially distinguished from ECAPs, since ECAPs represent
electrical signals sensed by the medical device due to an
excitation of target tissue of the patient in response to the
delivery of a stimulation pulse. In other words, an ECAP
represents a detected physiological response to a stimulation
pulse, and a stimulation signal represents the direct detection
of the stimulation pulse itself and associated changes in the
charge in tissue.







PatentOracle
C1P23S02 — cited transcript excerpt. IMD 110 is configured to deliver electrical stimulation
therapy to patient 105 via selected combinations of elec-
trodes carried by one or both of leads 130, alone or in
combination with an electrode carried by or defined by an
outer housing of IMD 110. The target tissue for the electrical
stimulation therapy may be any tissue affected by electrical
stimulation, which may be in the form of electrical stimu-
lation pulses or continuous waveforms. In some examples,
the target tissue includes nerves, smooth muscle, or skeletal
muscle. In the example illustrated by FIG. 1, the target tissue
is tissue proximate spinal cord 120, such as within an
intrathecal space or epidural space of spinal cord 120, or, in
some examples, adjacent nerves that branch off spinal cord
120. Leads 130 may be introduced into spinal cord 120 in via
any suitable region, such as the thoracic, cervical, or lumbar
regions. Stimulation of spinal cord 120 may, for example,
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prevent pain signals from traveling through spinal cord 120
and to the brain of patient 105. Patient 105 may perceive the
interruption of pain signals as a reduction in pain and,
therefore, efficacious therapy results. In other examples,
stimulation of spinal cord 120 may produce paresthesia
which may be reduce the perception of pain by patient 105,
and thus, provide efficacious therapy results.

IMD 110 generates and delivers electrical stimulation
therapy to a target stimulation site within patient 105 via the
electrodes of leads 130 to patient 105 according to one or
more therapy stimulation programs. A therapy stimulation
program defines values for one or more parameters that
define an aspect of the therapy delivered by IMD 110
according to that program. For example, a therapy stimula-
tion program that controls delivery of stimulation by IMD
110 in the form of pulses may define values for voltage or
current pulse amplitude, pulse width, pulse shape, and pulse
rate (e.g., pulse frequency) for stimulation pulses delivered
by IMD 110 according to that program.
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test program, such as current or voltage amplitude, pulse
width, pulse frequency, electrode combination, and, in some
examples, timing based on informed pulses to be delivered
to patient 105. In some examples, IMD 110 delivers control
stimulation to patient 105 according to multiple test stimu-
lation programs.

Auser, such as a clinician (not shown in FIG. 1) or patient
105, may interact with a user interface (not shown in FIG.
1) of external programmer 150 to program IMD 110. Pro-
gramming of IMD 110 may refer generally to the generation
and transfer of commands, programs, or other information to
control the operation of IMD 110. In this manner, IMD 110
may receive the transferred commands and programs from
external programmer 150 to control electrical stimulation
therapy (e.g., informed pulses) and control stimulation (e.g.,
control pulses). For example, external programmer 150 may
transmit therapy stimulation programs, test stimulation pro-
grams, stimulation parameter adjustments, therapy stimula-
tion program selections, test program selections, user input,
or other information to control the operation of IMD 110,
e.g., by wireless telemetry or wired connection. As described
herein, stimulation delivered to the patient may include
control pulses, and, in some examples, stimulation may
include control pulses and informed pulses.

In some cases, external programmer 150 may be called a
physician or clinician programmer if it is primarily intended.
for use by a physician or clinician. In other cases, external
programmer 150 may be characterized as a patient program-
mer if it is primarily intended for use by a patient. A patient
programmer may be generally accessible to patient 105 and,
in many cases, may be a portable device that may accom-
pany patient 105 throughout the patient’s daily routine. For
example, a patient programmer may receive input from
patient 105 when the patient wishes to terminate or change
electrical stimulation therapy. In general, a physician or
clinician programmer may support selection and generation
of programs by a clinician for use by IMD 110, whereas a
patient programmer may support adjustment and selection of
such programs by a patient during ordinary use. In other
examples, external programmer 150 may include, or be part
of, an external charging device that recharges a power source
of IMD 110. In this manner, a user may program and charge
IMD 110 using one device, or multiple devices.



PatentOracle
C1P24S03 — cited transcript excerpt. Efficacy of electrical stimulation therapy may, in some
cases, be indicated by one or more characteristics (e.g. an
amplitude of or between one or more peaks or an area under
the curve of one or more peaks) of an action potential that
is evoked by a stimulation pulse delivered by IMD 110 (i.e.,
a characteristic of the ECAP signal). In one or more cases
where stimulation pulses elicit detectible ECAPs, electrical
stimulation therapy delivery by leads 130 of IMD 110 may
cause neurons within the target tissue to evoke a compound
action potential that travels up and down the target tissue
(e.g., nerve fibers), eventually arriving at sensing electrodes
of IMD 110. Furthermore, control stimulation may also elicit
at least one ECAP, and ECAPs responsive to contro! stimu-
lation may also be a surrogate for the effectiveness of the
therapy. The amount of action potentials (e.g., number of
neurons propagating action potential signals) that are evoked
may be based on the various parameters of electrical stimu-
lation pulses such as amplitude, pulse width, frequency,
pulse shape (e.g., slew rate at the beginning and/or end of the
pulse), etc. The slew rate may define the rate of change of
the voltage and/or current amplitude of the pulse at the
beginning and/or end of each pulse or each phase within the
pulse. For example, a very high slew rate indicates a steep
or even near vertical edge of the pulse, and a low slew rate
indicates a longer ramp up (or ramp down) in the amplitude
of the pulse over time. In some examples, these parameters
contribute to an intensity of the electrical stimulation. In
addition, a characteristic of the ECAP signal (e.g., an
amplitude) may change based on the distance between the
stimulation electrodes and the nerves subject to the electrical
field produced by the delivered contro! stimulation pulses.

In the example of FIG. 1, IMD 110 may perform a
plurality of processing and computing functions. However,
external programmer 150 instead may perform one, several,
or all of these functions. In this alternative example, IMD
110 may relay sensed signals to external programmer 150
for analysis, and external programmer 150 may transmit
instructions to IMD 110 to adjust the one or more parameters
defining the electrical stimulation therapy based on analysis
of the sensed signals. For example, IMD 110 may relay the
sensed signal indicative of the sensed ECAP signal to
external programmer 150.

FIG. 2 is a block diagram illustrating an example con-
figuration of components of IMD 200, in accordance with
one or more techniques of this disclosure. IMD 200 may be
an example of IMD 110 of FIG. 1. In the example shown in
FIG. 2, IMD 200 includes stimulation generation circuitry
202, switch circuitry 204, sensing circuitry 206, communi-
cation circuitry 208, processing circuitry 210, storage device
212, sensor(s) 222, and power source 224. As seen in FIG.
2, sensor(s) 222 include acceleration sensor 223.







PatentOracle
C1P26S03 — cited transcript excerpt. In some examples, stimulation generation circuitry 202
may be configured to deliver electrical stimulation therapy
to patient 105. In some examples, the electrical stimulation
therapy may include a plurality of informed pulses. Addi-
tionally, stimulation generation circuitry 202 may be con-
figured to deliver a plurality of control pulses, where the
plurality of control pulses is interleaved with at least some
informed pulses of the plurality of informed pulses. Stimu-
lation generation circuitry may deliver the plurality of
informed pulses and the plurality of control pulses to target
tissue (e.g., spinal cord 120) of patient 105 via electrodes
232, 234 of leads 230. By delivering such informed pulses
and control pulses, stimulation generation circuitry 202 may
cause IMD 200 to sense stimulation signals that are indica-
tive of the delivered pulses Additionally, or alternatively,
stimulation generation circuitry 202 may deliver control
pulses that evoke detectable responsive ECAPs in the target
tissue, the responsive ECAPs propagating through the target
tissue before arriving back at electrodes 232, 234. Stimula-
tion signals or ECAPs caused by or elicited by informed
pulses may not be detectable by IMD 200. In some
examples, a different combination of electrodes 232, 234
may sense responsive ECAPs and/or responsive stimulation
signals than a combination of electrodes 232, 234 that
delivers informed pulses and a combination of electrodes
232, 234 that delivers control pulses. Sensing circuitry 206
may be configured to detect the responsive ECAPs and/or
the responsive stimulation signals via electrodes 232, 234
and leads 230. In other examples, stimulation generation
circuitry 202 may be configured to deliver a plurality of
control pulses, without any informed pulses, when control
pulses also provide or contribute to a therapeutic effect for
the patient.

Processing circuitry 210 may, in some cases, direct sens-
ing circuitry 206 to continuously monitor for ECAPs and
stimulation signals. In other cases, processing circuitry 210
may direct sensing circuitry 206 to monitor for ECAPs and
stimulation signals based on signals from sensor(s) 222. For
example, processing circuitry 210 may activate sensing
circuitry 206 based on an activity level of patient 105
exceeding an activity level threshold (e.g., acceleration
sensor 223 rises above a threshold). Activating and deacti-
vating sensing circuitry 206 may, in some examples, extend
a battery life of power source 224.



PatentOracle
C1P26S04 — cited transcript excerpt. Processing circuitry 210 may determine whether electri-
cal stimulation therapy delivered to target tissue of patient
105 via electrodes 232, 234 elicits enough detectible ECAPs
for processing circuitry 210 to determine therapy based on
one or more characteristics of the respective detectible
ECAPs. It may be beneficial for processing circuitry 210 to
determine therapy based on characteristics of detectible
ECAPs rather than characteristics of detectible stimulation
signals, if possible. However, if not enough responsive
ECAPs are detectible by sensing circuitry 206, it may be
beneficial for processing circuitry 210 to determine therapy
based on one or more characteristics of respective stimula-
tion signals, which are often still detectible even when some
or all of elicited ECAPs are not detectible in response to a
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C1P29S02 — cited transcript excerpt. FIG. 4 is a graph 402 of example evoked compound
action potentials (ECAPs) sensed for respective stimulation
pulses, in accordance with one or more techniques of this
disclosure. As shown in FIG. 4, graph 402 shows example
ECAP signal 404 (dotted line) and ECAP signal 406 (solid
line). In some examples, each of ECAP signals 404 and 406
are sensed from stimulation pulses (e.g., a control pulse) that
were delivered from a guarded cathode, where the stimula-
tion pulses are bi-phasic pulses including an interphase
interval between each positive and negative phase of the
pulse. In some such examples, the guarded cathode includes
stimulation electrodes located at the end of an 8-electrode
lead (e.g., leads 130 of FIG. 1) while two sensing electrodes
are provided at the other end of the 8-electrode lead. ECAP
signal 404 illustrates the voltage amplitude sensed as a result
from a sub-detection threshold stimulation pulse, or a stimu-
lation pulse which results in no detectable ECAP. It is noted
that monophasic, tri-phasic, or pulses with another quantity
of phases may be in other examples.

Peaks 408 of ECAP signal 404 are detected and represent
stimulation signals of the delivered stimulation pulse. How-
ever, no propagating signal is detected after the stimulation
signal in ECAP signal 404 because the stimulation pulse had
an intensity (e.g., an amplitude and/or pulse width) that was
“sub-threshold” or below a detection threshold (e.g., a
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sub-detection threshold) and/or below a propagation thresh-
old (e.g., a sub-propagation threshold). In other examples,
sensing circuitry, such as sensing circuitry 206 described
above in relation to FIG. 2, may measure other signal
features, such as features based on a derivative of the sensed
signal, slope, linearity, and so on. The processing circuitry
may react to the peaks 408 of ECAP signal 404, or any other
measurable or calculated signal feature.

In contrast to ECAP signal 404, ECAP signal 406 repre-
sents the voltage amplitude detected from a supra-detection
stimulation threshold stimulation pulse. Peaks 408 of ECAP
signal 406 are detected and represent stimulation signals of
the delivered stimulation pulse. After peaks 408, ECAP
signal 406 also includes peaks P1, N1, and P2, which are
three typical peaks representative of propagating action
potentials from an ECAP. The example duration of the
stimulation signal and peaks P1, N1, and P2 is approxi-
mately 1 millisecond (ms).



PatentOracle
C1P29S03 — cited transcript excerpt. When detecting the ECAP of ECAP signal 406, different
characteristics may be identified. For example, the charac-
teristic of the ECAP may be the amplitude between N1 and
P2. This N1-P2 amplitude may be easily detectable even if
the stimulation signal impinges on P1, a relatively large
signal, and the N1-P2 amplitude may be minimally affected
by electronic drift in the signal. In other examples, the
characteristic of the ECAP used to control subsequent stimu-
lation pulses (e.g., control pulses and/or informed pulses)
may be an amplitude of P1, N1, or P2 with respect to neutral
or zero voltage. In some examples, the characteristic of the
ECAP used to control subsequent stimulation pulses is a sum
of two or more of peaks P1, N1, or P2. In other examples,
the characteristic of ECAP signal 406 may be the area under
one or more of peaks P1, N1, and/or P2. In other examples,
the characteristic of the ECAP may be a ratio of one of peaks
P1, N1, or P2 to another one of the peaks. In some examples,
the characteristic of the ECAP is a slope between two points
in the ECAP signal, such as the slope between N1 and P2.
In other examples, the characteristic of the ECAP may be the
time between two points of the ECAP, such as the time
between N1 and P2.

The time between when the stimulation pulse is delivered
and a point in the ECAP signal may be referred to as a
latency of the ECAP and may indicate the types of fibers
being captured by the stimulation pulse (e.g., a control
pulse). ECAP signals with lower latency (i.e., smaller
latency values) indicate a higher percentage of nerve fibers
that have faster propagation of signals, whereas ECAP
signals with higher latency (i.e., larger latency values)
indicate a higher percentage of nerve fibers that have slower
propagation of signals. Latency may also refer to the time
between an electrical feature is detected at one electrode and
then detected again at a different electrode. This time, or
latency, is inversely proportional to the conduction velocity
of the nerve fibers. Other characteristics of the ECAP signal
may be used in other examples.

The amplitude of the ECAP signal increases with
increased amplitude of the stimulation pulse, as long as the
pulse amplitude is greater than threshold such that nerves
depolarize and propagate the signal. The target ECAP char-
acteristic (e.g., the target ECAP amplitude) may be deter-
mined from the ECAP signal detected from a stimulation
pulse (or a control pulse) when informed pulses are deter-
mined to deliver effective therapy to patient 105. The ECAP
signal thus is representative of the distance between the
stimulation electrodes and the nerves appropriate for the
stimulation parameter values of the informed pulses deliv-
ered at that time. Therefore, IMD 110 may attempt to use
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sensed by sensing circuitry 206 because each ECAP 536
falls after the completion of each a control pulse 512 and
before the delivery of the next informed pulse 524. As
illustrated in FIG. 5, stimulation signals 538 and ECAPs 536
may be recorded on channel 530. In some examples, noise
from channel 540 may be interpreted as ECAPs 536. In other
words, noise from channel 540 may cause the IMD to
interpret that a value of a characteristic of one or more
sensed ECAPs 536 is outside of a predetermined range. As
described above in relation to FIGS. 1 and 2, a closed loop
algorithm executed by processing circuitry on either IMD
110, IMD 200 or external programmer 150 may adjust the
one or more parameters defining the electrical stimulation
therapy based on analysis of the sensed signals. For
example, the processing circuitry may compare a character-
istic value of the stimulation signal to the respective target
range of characteristic values, and in response to the com-
parison, the closed loop algorithm executed by the process-
ing circuitry may adjust one or more parameters that define
the electrical stimulation pulses delivered to patient 105. In
some examples, based on the closed loop algorithm, pro-
cessing circuitry 210 may cause stimulation generation
circuitry 202 to adjust a first set of parameter values for the
plurality of pulses to a second set of parameter values. As
one example, stimulation generation circuitry 202 may
reduce an amplitude of current for a contro] pulse or for an
informed pulse, or both, from a first current amplitude to a
second current amplitude. In other examples, stimulation
generation circuitry 202 may also adjust one or more of
pulse width, voltage amplitude or other parameters in the set
of parameters from a first value to a second value.



PatentOracle
C1P31S02 — cited transcript excerpt. As described above in relation to FIG. 2, processing
circuitry 210 may receive commands from a patient pro-
grammer, e.g. external programmer 150, when the patient
wishes to terminate or change electrical stimulation therapy.
In some examples, the medical device may be adapting to
changes in the patient’s physiological signals, such as when
the patient changes posture, activity level. The patient may
request an increase in stimulation (e.g., increase the value of
the amplitude parameter) while IMD 200 is decreasing
stimulation due to elevated characteristic values of the
sensed ECAP signals (which may be due to noise). In other
examples, noise from channel 540 may be sensed as ECAPs
536 exceeding an upper limit of a predetermined range and
the closed loop algorithm of IMD 200 may respond by
decreasing a parameter value to reduce the sensed ECAP. To
avoid the risk of patient discomfort when the noise is
removed (or no longer present), or when the physiological
signals change again, in some examples, processing circuitry
210 may prevent stimulation generation circuitry 202 from
responding to the commands from the patient programmer
when processing circuitry 210 determines that stimulation
therapy parameters, e.g. informed pulse amplitude, is out-
side of a predetermined pulse amplitude range of a default
pulse amplitude. For example, processing circuitry 210 may
reject a user command to increase amplitude of stimulation
when the closed loop algorithm is reducing amplitude in
response to elevated characteristics of the ECAP signal.

In some examples, when noise from channel 540 is sensed
as ECAPs 536 exceeding an upper limit of a predetermined
range and the closed loop algorithm of IMD 200 responds by
decreasing a parameter value to reduce the sensed ECAP,
processing circuitry may determine that the sensed ECAP is
distorted by noise. For example, a control pulse or an
informed pulse may have a minimum parameter value, such
as a pulse amplitude of zero or pulse width of zero. When the
closed loop algorithm adjusts the parameter to the minimum
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value, and the ECAP sensed by sensing circuitry 206 is still
above the upper limit, processing circuitry 210 may deter-
mine that noise coupled from channel 540 may be causing
the high value of the sensed ECAP. In some examples,
processing circuitry 210 may disable the closed loop algo-
rithm when processing circuitry determines that the sensed
ECAPs 536 may be influenced by noise coupled from
channel 540. Processing circuitry 210 may execute a control
policy to ramp the stimulation pulse parameter to a specified
value, such as a default value, until processing circuitry 210
determines that the noise has diminished or been removed.
In this manner, IMD 200 may avoid pulse stimulation
parameter levels that may cause the patient to receive
inappropriate stimulation (over or under stimulation) result-
ing in patient discomfort.



PatentOracle
C1P31S03 — cited transcript excerpt. FIG. 6 is a timing diagram illustrating a closed loop
response to a sensed ECAP that is outside of a predeter-
mined range, in accordance with one or more techniques of
this disclosure. As described above, in this disclosure the
closed loop algorithm may be referred to as ECAP respon-
sive stimulation or ERS. The example of FIGS. 6-16 will be
described in terms of FIG. 2, unless otherwise noted. Pro-
gramming commands for ERS may be stored at storage
device 212, e.g. at test stimulation programs 216.

Storage device 212 may store a predetermined range for
one or more values of a characteristic of the sensed ECAP.
In the example of FIG. 6, the predetermined range includes
an ECAP high threshold (ETH 602) and an ECAP low
threshold (ETL 604) for a sensed magnitude (voltage or
current). Processing circuitry 210 may determine a value of
a characteristic of the sensed ECAP (600) that is outside of
a predetermined range, when the sensed ECAP signal
exceeds the ECAP high threshold 602. In response, ERS
may be configured to adjust a first set of parameter values for
stimulation pulses delivered during the time the sensed
ECAP exceeds ETH 602 to a second set of parameter values
(610). In the example of FIG. 6, processing circuitry 210
may cause stimulation generation circuitry 202 to reduce the
control pulse current amplitude Ie 612 from Ict 606 to a
lower amplitude. Similarly, stimulation generation circuitry
202 may reduce informed pulse current amplitude li 614
from lit 608 to a lower amplitude. In this disclosure, Ict 606
is the default control pulse current amplitude, and Tit 608 is
the default informed pulse current amplitude. As described
above in relation to FIGS. 1 and 2, current pulse amplitude
is just one example of a parameter value that defines the
stimulation pulse delivered by IMD 200. In other examples,
stimulation generation circuitry 202 may adjust pulse width,
voltage amplitude, pulse shape, frequency, and so on, based
on commands from processing circuitry 210.

As the high sensed ECAP signal 600 falls below ETH 602
and back within the predetermined range, ERS, executed by
processing circuitry 210, may increase control pulse current
amplitude Ic 612 and informed pulse current amplitude Ii
614 back to the default values of Ict 606 and Tit 608 (618).

FIG. 7 is a timing diagram illustrating suspending a closed
loop algorithm, in accordance with one or more techniques
of this disclosure. Similar to the example of FIG. 6, pro-
cessing circuitry 210 may determine that the high sensed
ECAP signal 700 exceeds ETH 702 and begin to decrease
control pulse current amplitude Ic 712 from Ict 706 to a
lower amplitude. Similarly, stimulation generation circuitry
202 may reduce informed pulse current amplitude Ii 714
from lit 708 to a lower amplitude. However, in the example
of FIG. 7, high sensed ECAP 700 persists, which may result
in processing circuitry 210 adjusting control pulse current
amplitude Ie 712 and/or informed pulse current amplitude li
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714 to a minimum value, such as an amplitude of approxi-
mately zero amps (710). In response to adjusting the stimu-
lation amplitude to the minimum value, processing circuitry
210 may start a noise detection timer, Tdetect 720. In the
example of FIG. 7, in response to determining that Tdetect
720 has expired and the sensed ECAP 700 still exceed ETH
702, processing circuitry 210 may disable the closed-loop
algorithm (722).

As described above in relation to FIG. 5, processing
circuitry 210 may also disable some requests from patient
programmer 150 while a control policy is adjusting stimu-
lation parameters. One of several possible techniques to
determine whether a control policy is adjusting stimulation
parameters is to determine whether control pulse current
amplitude Ic 712 and/or informed pulse current amplitude li
714 is outside of a predetermined range from the default
values Ict 706 and lit 708. Other example techniques may
include checking a flag stored in memory that processing
circuitry 210 may set when adjusting stimulation param-
eters. For example, if the flag is cleared, processing circuitry
210 may allow requests from patient programmer 150 to
adjust stimulation parameters. If the flag is set, processing
circuitry 210 may allow requests to decrease stimulation, but
reject requests to increase stimulation.

In the example of FIG. 7, the predetermined range from
the default values may be a range (+8Ict) about the con-
trolled pulse default value i.e., 28Ict 724. Similarly, the
predetermined range may be a range (+6lit) about the
informed pulse default value, ie. 25]it 726. In other words,
processing circuitry 210 may determine whether the set of
parameter values for the electrical stimulation therapy con-
trol pulse current amplitude Ic 712 and/or informed pulse
current amplitude li 714 is approximately equal to the
default set of parameter values Ict 706 and lit 708. Because
the sensed ECAP 700 is high and ERS has caused Ic 712 and.
li 714 to decrease to minimum levels, processing circuitry
would determine that Ic 712 and li 714 are outside the
predetermined range, 28Ict 724 and 2dlit 726 respectively,
from the default values Ict 706 and lit 708, and therefore
may disable patient programmer input from changing the
stimulation pulse parameters.

FIG. 8 is a timing diagram illustrating a medical device
providing electrical stimulation while suspending a closed
loop algorithm, in accordance with one or more techniques
of this disclosure. In the example of noise, e.g. from channel
540 of FIG. 5, causing sensed ECAP 800 to exceed ETH 802
for an extended period, the closed loop algorithm may
decrease the stimulation pulses, e.g. as shown in FIG. 7,
which may result in under stimulation for the patient. The
patient, e.g. patient 105 of FIG. 1, may experience discom-
fort such as a return of pain symptoms, Parkinson’s symp-
toms etc. as a result of the under stimulation caused by the
presence of noise.



PatentOracle
C1P32S02 — cited transcript excerpt. In the example of FIG. 8, in response to suspending ERS
(810), processing circuitry 210 may cause stimulation gen-
eration circuitry 202 to increase the pulse parameter values
of Ic 812 and Ii 814 back to the default values Ict 806 and
Jit 808. In other words, in response to disabling the closed
loop algorithm (810), the processing circuitry may adjust the
informed pulse parameter values and the control pulse
parameter values from the minimum of parameter values to
the default set of parameter values (813). In this manner
IMD 200 may continue to deliver therapy in the presence of
noise. ERS may remain suspended and any sensed ECAP
may be only monitored, but not affect the therapy delivery.
Although the control pulse amplitude and informed pulse
amplitude are shown as a continuous ramped back to their
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respective default levels, IMD 200 may use a step-wise ramp
or immediate single jump back to their default levels in other
examples.

In other examples, (not shown in FIG. 8), IMD 200 may
ramp the parameter values, e.g. the stimulation levels of Ic
812 and Ii 814 to a value different from the default values Ict
806 and Jit 808. For example, IMD 200 may ramp the
parameter values to a percentage of the default values Ict
806 and Tit 808, e.g. 70%, 75% or some other percentage.
Returning to a sub-default level may provide an advantage
by providing some stimulation for therapeutic purposes
while avoiding possible overstimulating the patient if the
patient is in an awkward posture where returning to the
default level would overstimulate the target tissue, e.g. the
spinal cord. In other words, returning to a sub-default may
balance sufficient stimulation while lowering the risk of
‘overstimulation’ caused by patient posture or other reasons.

FIG. 9 is a timing diagram illustrating an example of
recovering a suspended closed-loop algorithm, in accor-
dance with one or more techniques of this disclosure. As
described above in relation to FIG. 8, processing circuitry
210 may cause Ic 912 and Ii 914 to increase back to the
default values Ict 906 and lit 908 to avoid under stimulation
while noise may impact ECAP measurement. In the example
of FIG. 9, while ERS is suspended 922, processing circuitry
210 may monitor ECAP signals from sensing circuitry 206
but make no adjustments to stimulation pulse parameters.



PatentOracle
C1P32S03 — cited transcript excerpt. When the sensed ECAP falls back into the predetermined
range, between ETH 902 and ETL 904, processing circuitry
210 may start a low-noise timer, T,,,,,.,,o::¢ 920. In response
to determining that low-noise timer 920 has expired, pro-
cessing circuitry 210 may resume the closed-loop algorithm
(924). In other words, when processing circuitry 210 detects
that the noise has abated, e.g. ECAP 900 is less than ETH
902 for at least the duration of T,,,.,,oise 920, processing
circuitry 210 may enable ERS. With ERS enabled, process-
ing circuitry may cause stimulation generation circuitry 202
to adjust stimulation pulse parameters in response to
changes in the sensed ECAP. Also, with Ic 912 and li 914
approximately equal to the default values Ict 906 and Iit 908,
processing circuitry may respond to commands from patient
programmer 150.

FIG. 10 is a flow diagram illustrating an example opera-
tion for suspending and recovering a suspended closed-loop
algorithm, in accordance with one or more techniques of this
disclosure. The flow diagram of FIG. 10 is an example of the
techniques described by FIGS. 7-9. Although processing
circuitry 210 is described as performing the technique of
FIG. 10, other circuitry of IMD and/or other devices may
perform some or all of the technique in other examples.

Processing circuitry 210 may receive an indication from
sensing circuitry 206 whether the value of a characteristic of
sensed one or more sensed ECAPs 536 from FIG. 5 may be
outside of a target range (1000). When sensed ECAP values
are within the target range (NO branch of 1000) processing
circuitry 210 may hold the value of the set of parameter
values, e.g. Ic and Ii, for the plurality of pulses (1002).
Processing circuitry 210 may continue to monitor ECAP
values. In this disclosure, “sensing an ECAP” and “measur-
ing an ECAP” is equivalent to sensing one or more ECAP
values, and “a value of a characteristic of the ECAP,” such
as, sensing a voltage amplitude as described above in
relation to FIG. 4, by sensing circuitry 206.

If processing circuitry 210 determines that ECAP values
are outside the target range (YES branch of 1000), process-
ing circuitry 210 may check whether the ECAP values are
higher than the ECAP high threshold (YES branch of 1004).
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Processing circuitry 210 may decrement Ic and Ii (1010)
until the one or more values of the set of values reaches a
minimum value. In the example of FIG. 10, processing
circuitry 210 may determine that the amplitude of current for
the control pulses (Ic) has not reached the minimum value
(NO branch of 1012) and continue to monitor ECAP values.

Ifthe ECAP values are outside of the range, but not higher
than the ECAP high threshold (NO branch of 1004), pro-
cessing circuitry 210 may increment Ic and Ii (1008) and
continue to monitor ECAP values. In other words, if the
ECAP values are outside of the range, but less than the
ECAP high threshold, the ECAP values must be less than the
low ECAP threshold.

When processing circuitry 210 determines that Ic—0, i.e.
the minimum value of control pulse amplitude (YES branch
of 1012), processing circuitry may start a noise detection
timer, Tdetect. If the ECAP values stay above ETH during
Tdetect and Tdetect expires (YES branch of 1014), process-
ing circuitry 210 may suspend ERS (1016) and begin to
increment both Ic and li (1018) until Ic and Ti reach the
default values, e.g. Ict 606 and lit 608 from FIG. 6 (NO
branch of 1020). When Ic and li reach the default values
(YES branch of 1020), processing circuitry may hold Ic and
li at the default values (1022) and monitor ECAP values. In
other examples, (not shown in FIG. 10), processing circuitry
210 may set Ic and li directly to the default values during this
period without the incremental increases.

As described above in relation to FIG. 8, in other
examples, processing circuitry may increment both Ic and Ii
(1018) until Ic and li reach a sub-default value (not shown
in FIG. 10). In other words, processing circuitry may tem-
porarily disable closed-loop operation in the presence of
noise and return to some level of therapeutic energy. In some
examples, the sub-default value may be a percentage of the
default value (not shown in FIG. 10). In other examples,
processing circuitry may return the parameter values to an
average, median or some other calculated stimulation level
collected during some interval prior to the detection of noise.
For example, processing circuitry may use a moving win-
dow of delivered stimulation levels and calculate a param-
eter value over the duration of the moving window. If noise
is detected, then the processing circuitry may return the
parameter value to the calculated level determined prior to
the initial noise detect.

As described above in relation to FIG. 9, when the ECAP
values are less than ETH (YES branch of 1024) processing
circuitry may start a low noise timer, e.g. Tlow-noise 920.
When the low noise timer has expired (YES branch of
1026), processing circuitry 210 may restart the closed loop
algorithm, e.g. ERS, (1028) and continue to monitor ECAP
values.



PatentOracle
C1P33S02 — cited transcript excerpt. FIG. 11 is a timing diagram illustrating an example of a
medical device providing electrical stimulation while sus-
pending a closed loop algorithm, in accordance with one or
more techniques of this disclosure. The example of FIG. 11
provides an alternative option to the techniques described by
FIGS. 7-10. In contrast to FIGS. 7 and 10, once processing
circuitry 210 determines that ERS should be suspended
(1112), e.g. because ECAPs value 1100 is above ETL 1104
and ETH 1102 for an extend time, processing circuitry 210
may increment only the informed pulse current amplitude Ti
1114 to the default value lit 1108. The contro! pulse ampli-
tude Ic, may remain at the minimum value, rather than
returning to the default value of Ict 1106 (1116). Since the
control pulse amplitude Ic is what elicits the sensed ECAP
signal, a control pulse amplitude Ic at zero should not result
in any detectable ECAP signal. In contrast, informed pulse
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current amplitude Ii can return to default value Tit 1108 in
order to reestablish stimulation therapy.

FIG. 12 is a timing diagram illustrating an example of a
medical device sensing noise abatement while suspending a
closed loop algorithm, in accordance with one or more
techniques of this disclosure. As described above in relation
to FIG. 11, processing circuitry 210 may increase informed
pulse current amplitude li 1214 to the default value lit 1208
while control pulse amplitude Ic 1212, may remain at the
minimum value during noise detection and ERS is sus-
pended 1218.

When the noise no longer affects the ECAP value, the
ECAP value may drop below ETL 1204 because while the
control pulse amplitude is zero (Ic-0), IMD 200 should not
generate a detectable ECAP value (e.g., there should be no
ECAP signal without a stimulation pulse to elicit such an
ECAP signal). Processing circuitry 210 may receive an
indication from sensing circuitry 206 that the ECAP value
has settled below ETL 1204 (1200) and may start a low-
noise timer T),.,,,o%¢ 1216. In the example of FIG. 12,
processing circuitry may determine noise has abated when
Ic=0, the ECAP value is below both ETH 1202 and ETL
1204 and T,,,,,ose 1216 has expired (1222). Put another
way, processing circuitry 210 may determine that the noise
has abated because the ECAP value has dropped to expected
levels with a lack of any control pulse being delivered that
is capable of eliciting a detectable ECAP signal.

FIG. 13 is a timing diagram illustrating another example
of recovering a suspended closed-loop algorithm, in accor-
dance with one or more techniques of this disclosure. As
described above in relation to FIG. 12, processing circuitry
210 may determine that noise impacting a sensed ECAPs
value has abated when T,,,,.,,o:se 1316 has expired (1324).



PatentOracle
C1P33S03 — cited transcript excerpt. Processing circuitry 210 may increase Ic 1314 until Ic
1314 reaches the default value of Ict 1306. The informed
pulse current magnitude li 1312 may remain at lit 1308. To
ensure the noise is gone, processing circuitry 210 may start
a confirmation timer, e.g. Tresume 1322, and only restart the
closed loop algorithm when Tresume 1322 expires (1326).
In other words, in response to determining that Ic 1314 is at
Ict 1306, the ECAP value is less than ETL 1304 and the
confirmation timer Tresume 1322 has expired, processing
circuitry 210 may restart ERS (1328). In other examples,
(not shown in FIG. 13) processing circuitry 210 may re-
enable the closed loop algorithm rather than increasing the
parameter values for Ic 1314 and Ii 1312 until the values
reach the default value. In other words, processing circuitry
210 may re-enable the closed-loop algorithm such that IMD
200 may provide appropriate stimulation once the system
determines that the noise source is gone.

FIG. 14 is a timing diagram illustrating an example of an
attempted recovery for a suspended closed-loop algorithm,
in accordance with one or more techniques of this disclo-
sure. As described above in relation to FIG. 13, when
processing circuitry 210 determines that the noise has abated
(1424), at the expiration of T,,.,.,o%se 1416. processing cir-
cuitry 210 may increase Ic to the default value and start a
confirmation timer, e.g. Tresume 1322. At some time in the
interval between determining the noise has abated and the
confirmation timer has expired, processing circuitry 210
may receive an indication from sensing circuitry 206 that the
ECAP value has exceeded ETH 1402 (1400).

In the example of FIG. 14, Ic ramps toward Ict (1430)
after processing circuitry determines noise has abated
(1424). However, noise again couples to the sensing cir-
cuitry 206 of IMD 200 and processing circuitry 210 controls
Ic to decrease toward the minimum value of Ie-0 (1432). In
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this manner, processing circuitry 210 can react to any restart
of noise when attempting to reestablish ERS. When pro-
cessing circuitry 210 again determines that the noise has
abated (1425) because the ECAP value 1400 is less than
ETH 1402 and ETL 1404, processing circuitry may again
start a low noise timer, T,,.,_,ois¢ 1434. When T),,,. cise 1434,
processing circuitry 210 may re-attempt to ramp Ic toward.
Ict (1436). To avoid under stimulation, the informed pulse
amplitude Ii 1412 may remain at the default value lit 1408.
Once processing circuitry 210 ramps Ic back to Ict, process-
ing circuitry 210 can continue ERS as normal.

FIG. 15 is a flow diagram illustrating another example
operation for suspending and recovering a suspended
closed-loop algorithm, in accordance with one or more
techniques of this disclosure. The example of FIG. 15
describes techniques illustrated by FIGS. 11-14. Although
processing circuitry 210 is described as performing the
technique of FIG. 15, other circuitry of IMD and/or other
devices may perform some or all of the technique in other
examples.

Similar to FIG. 10 described above, processing circuitry
210 may receive an indication from sensing circuitry 206
whether the value of a characteristic of sensed one or more
sensed ECAPs 536 from FIG. 5 may be outside of a target
range (1500). When sensed ECAP values are within the
target range (NO branch of 1500) processing circuitry 210
may hold the value of the set of parameter values, e.g. Ic and
li, for the plurality of pulses (1502). Processing circuitry 210
may continue to monitor ECAP values.

Ifthe ECAP values are outside of the range, but not higher
than the ECAP high threshold (NO branch of 1504), pro-
cessing circuitry 210 may increment Ic and Ii (1508) and
continue to monitor ECAP values. In other words, if the
ECAP values are outside of the range, but less than the
ECAP high threshold, the ECAP values must be less than the
low ECAP threshold.

When processing circuitry 210 determines that Ic—0, i.e.
the minimum value of control pulse amplitude (YES branch
of 1512), processing circuitry may start a noise detection
timer, Tdetect. If the ECAP values stay above ETH during
Tdetect and Tdetect expires (YES branch of 1514), process-
ing circuitry 210 may suspend ERS (1516) and begin to
increment only Ti (1518) until Ti reach the default value, e.g.
Tit 608 from FIG. 6 (NO branch of 1520). When Ii reaches
the default value (YES branch of 1520), processing circuitry
may hold Ii at the default values (1522) and monitor ECAP
values (NO branch of 1524). In this manner, IMD 200 may
deliver therapy to patient 105 of FIG. 1 and avoid under
stimulation caused by noise.



PatentOracle
C1P34S02 — cited transcript excerpt. As described above in relation to FIGS. 12-14, when
processing circuitry 210 receives an indication that the
ECAP values are less than ETL, processing circuitry 210
may start T),.,noise. When expires, processing circuitry may
begin to increase Ic only (1530) because li is already at the
default value, Iit. As Ic is increasing, processing circuitry
210 may continue to monitor the ECAP values (NO branch
of 1532). While the ECAP values remain less than or equal
to ETL (YES branch of 1534), processing circuitry 210 may
continue to increase Ic (1530).

When Ic reaches the default value, Ict (YES branch of
1532), processing circuitry 210 may start a confirmation
timer Tresume, described above in relation to FIGS. 13 and
14. If the ECAP values exceed the ECAP high threshold (NO
branch of 1540) after the confirmation timer expires (YES
branch of 1536), processing circuitry 210 may decrement Ic
(1538) back to the minimum value of IC, and continue to
monitor the ECAP values. If the ECAP values remain less
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than ETH (YES branch of 1540), then processing circuitry
210 may restart the closed loop algorithm, e.g. ERS (1542).

FIG. 16 is a flow chart illustrating an example operation
for managing patient input while delivering electrical stimu-
lation therapy, in accordance with one or more techniques of
this disclosure. As described above in relation to FIGS. 5 and
7, it may be desirable to disable certain programming
commands from external programmer 150 while an IMD of
this disclosure is responding to patient physiological signals
or to noise.

In example of FIG. 16, the system may only increment
therapy (e.g. increase amplitude) in response to a patient
adjustment if the current control pulse and informed ampli-
tude levels, Ic and li, are approximately equal to the default
levels, Ict and Jit, respectively. As described above in
relation to FIGS. 5-15, one or both of Ie and li, may
approximately equal the default levels, Ict and Tit, when ERS
is disabled for a particular. One or both of Ic and Ji may
approximately equal the default levels ERS was enabled, but
not actively suppressing stimulation therapy levels due to
high ECAP measurements. If Ie and/or Ii are not at their
default levels (e.g. being suppressed by the ERS algorithm),
then the system, may not increase the therapy and, more
importantly, may not increase the default levels, according
to the techniques of this disclosure. As described above in
relation to FIG. 2, the “system” and “processing circuitry
210” may refer to IMD 110 and IMD 200 alone, or in
communication with external programmer 150.





PatentOracle
C1P35S02 — cited transcript excerpt. In examples in which processing circuitry 210 may enable
adjustments to li (YES branch of 1640) and processing
circuitry 210 may determine whether the set of parameter
values for the electrical stimulation therapy is approximately
equal to a default set of parameter values, e.g., whether
I21,,;+81,,. When li is outside the predetermined range of
the respective default parameter value, e.g. differs from Iit
by more than +8I,,, (NO branch of 1644), then processing
circuitry 210 may not increment Ti (1642). When Ti is with
the predetermined range (YES branch of 1644), processing
circuitry 210 may increment Ii by Ali (1646) and change the
default value Iit to the new value of Ii (1688).

In other examples, processing circuitry may receive a
decrement command from external programmer 150 (NO
branch of 1604 and YES branch of 1606).

Processing circuitry 210 may be configured to disable any
manual adjustments in the control pulse parameters (NO
branch of 1608). If changes to Ic are disabled, then a
command to decrease Ic would result in no change (1616).
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Processing circuitry 210 may be further configured to
disable any manual adjustments in the informed pulse
parameters (NO branch of 1618). If changes to Ti are
disabled, then a command to decrease Ii would result in no
change (1626) and processing circuitry may continue to
monitor for manual adjustments (1602).

In other examples, processing circuitry 210 may be con-
figured to enable adjustments to Ic (YES branch of 1608)
and processing circuitry 210 may determine whether the set
of parameter values for the electrical stimulation therapy is
approximately equal to a default set of parameter values,
e.g., whether ],21..,+61.7. When Ic is outside the predeter-
mined range of the respective default parameter value, e.g.
differs from Ict by more than +31,.,, (NO branch of 1610),
then, in contrast to the increment command, processing
circuitry 210 may decrement Ic by Alc. i.e. Ie=le-Alc
(1612), but make no change to the default value Ict. In other
examples, when Ic is with the predetermined range (YES
branch of 1610), processing circuitry 210 may decrement
both Ic by Alc (1612) and change the default value Ict to the
new value of Ic, i.e. Ict=Ict-Alc (1614).
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C1P39S03 — cited transcript excerpt. Example 44: The computer-readable medium of any com-
bination of examples 41-43, wherein the command from the
external programmer is a is a first command, the method
further that includes receiving, from the external program-
mer, a second command to change the value of the parameter
defining the plurality of pulses; determining, by the process-
ing circuitry, that the requested change to the parameter in
the second command is a request to decrease the value of the
parameter defining the plurality of pulses; responsive to
determining that the requested change is a request to
decrease the value of the parameter, changing, by the
processing circuitry both the parameter and the default value
of the parameter.

Example 45: The computer-readable medium of any com-
bination of examples 41-44, wherein the parameter is an
electrical current amplitude.

Various examples of the disclosure have been described.
These and other examples are within the scope of the
following claims.

What is claimed is:

1. A method comprising:

receiving information indicative of a sensed evoked com-
pound action potential (ECAP) signal;

determining a value of a characteristic of the ECAP signal
based on the information, wherein the ECAP signal is
elicited by a respective stimulation pulse of a plurality
of stimulation pulses;

executing a closed loop policy that adjusts, based on the
value of the characteristic of the ECAP signal, a value
of a parameter that at least partially defines stimulation
therapy;

determining whether the value of the characteristic of the
ECAP signal is inside or outside of an expected range:

responsive to determining that the value of the character-
istic of the ECAP signal is outside of the expected
range, disabling the closed loop policy and setting the
parameter to a threshold value;

responsive to setting the parameter to the threshold value,
starting a noise detection timer; and

responsive to determining that the noise detection timer
has expired, enabling the closed loop policy.

2. The method of claim 1, further comprising

responsive to determining that the noise detection timer
has expired, determining that the value of the charac-
teristic of the ECAP signal remains outside of the
expected range; and.

responsive to determining that the value of the character-
istic of the ECAP signal remains outside of the
expected range, disabling the closed-loop policy.
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3. The method of claim 2, wherein the threshold value of
the parameter of the respective stimulation pulses comprises
a minimum value for the parameter.

4. The method of claim 1,

wherein the plurality of stimulation pulses comprises a

plurality of control pulses and a plurality of informed
pulses,

wherein the respective stimulation pulses comprise

respective control pulses of the plurality of control
pulses,

wherein receiving information indicative of a ECAP

signal comprises sensing a respective ECAP signal
after a respective control pulse of the plurality of
control pulses,

wherein an informed pulse of the plurality of informed

pulses is defined by one or more parameters based on
a respective ECAP signal elicited from a respective
contro! pulse while executing the closed loop policy;
wherein the expected range of the value of the character-
istic comprises an ECAP high threshold (ETH) and an
ECAP low threshold (ETL), and wherein the method
further comprises:
responsive to the value of the characteristic of the

ECAP signal greater than the ECAP high threshold,

incrementally adjusting:
a respective value of the parameter defining the
plurality of respective control pulses from a first
control pulse value toward a second control pulse
value; and
a respective value of the parameter defining the
plurality of respective informed pulses from a first
informed pulse value toward a second informed
pulse value.
5. The method of claim 4, further comprising:
responsive to disabling the closed loop policy, adjusting,
by the processing circuitry, informed pulse parameter
values back to the first informed pulse value, and

measuring, by the sensing circuitry, the respective ECAP
signal after the respective control pulse, wherein the
processing circuitry makes no adjustments to informed.
pulse parameter values nor control pulse parameter
values based on the measured respective ECAP signal
while the closed loop policy is disabled.

6. The method of claim 5,

wherein the first informed pulse value of the parameter is

a control pulse parameter default value,

wherein the second control pulse value is less than or

equal to the default value, and

wherein the control pulse parameter is set to the second

control pulse value,

the method further comprising, in response to in response

to receiving an indication from the sensing circuitry
that the value of the characteristic of the measured
respective ECAP signal is less than the ECAP low
threshold, start a low-noise timer;

responsive to determining that the low-noise timer has

expired, adjusting, by the processing circuitry, the
control pulse parameter values from the second control
pulse value to the default value.
7. The method of claim 6, further comprising:
responsive to setting the control pulse parameter values to
the default value, starting, by the processing circuitry,
a confirmation timer, and
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expired, enabling, by the processing circuitry, the
closed-loop policy.
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8. The method of claim 6, further comprising:

responsive to sensing, by the sensing circuitry, that the

value of the characteristic of the measured respective

ECAP signal is greater than the ECAP high threshold,

reducing, by the processing circuitry,

the respective value of the parameter for the plurality of
respective control pulses; and

the respective value of the parameter for the plurality of
respective informed pulses.

9. The method of claim 8, further comprising:

responsive to determining that the low-noise timer has

expired, adjusting, by the processing circuitry, control
pulse value from the second control value to the default
control pulse value,
responsive to setting the control pulse parameter values to
the default control pulse value, starting, by the pro-
cessing circuitry, a confirmation timer, and

responsive to determining that the confirmation timer has
expired, enabling, by the processing circuitry, the
closed-loop policy.

10. The method of claim 4, further comprising, responsive
to sensing, by the sensing circuitry, that the value of the
characteristic of the measured respective ECAP signal is less
than the ECAP high threshold, starting, by the processing
circuitry a low-noise timer.

11. The method of claim 10, further comprising, respon-
sive to determining, by the processing circuitry, that the
low-noise timer has expired, enabling, by the processing
circuitry, the closed-loop policy.

12. The method of claim 1, further comprising controlling
the stimulation generation circuitry to deliver electrical
stimulation therapy according to:

the closed loop policy, or

user input.

13. A medical device comprising processing circuitry
configured to:

receive information indicative of a sensed evoked com-

pound action potential (ECAP) signal

determine a value of a characteristic of the ECAP signal

based on the information, wherein the ECAP signal is
elicited by respective stimulation pulses of a plurality
of stimulation pulses;

determine whether the value of the characteristic of the

ECAP signal is inside or outside of an expected range
of the characteristic;
responsive to determining that the value is inside the
expected range, execute a closed loop policy wherein
the closed loop policy adjusts a parameter value that at
least partially defines stimulation therapy, based on the
value of the characteristic of the ECAP signal; and

responsive to determining that the value of the character-
istic of the ECAP signal is outside of the expected
range, disable the closed-loop policy and set the param-
eter value to a threshold value;

responsive to setting the parameter value to the threshold

value, start a noise detection timer;

responsive to determining that the noise detection timer

has expired, enable the closed-loop policy.
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15. The medical device of claim 14, wherein the threshold
value of the parameter of the respective stimulation pulses
comprises a minimum value for the parameter.

16. The medical device of claim 15:

wherein the plurality of stimulation pulses comprises a

plurality of control pulses and a plurality of informed.

pulses,

wherein the respective stimulation pulses comprise

respective control pulses of the plurality of control

pulses,

wherein receiving information indicative of a ECAP

signal comprises sensing a respective ECAP signal

after a respective control pulse of the plurality of
control pulses,

wherein an informed pulse of the plurality of informed

pulses is defined by one or more parameters based on

a respective ECAP signal elicited from a respective

contro! pulse,

wherein the expected range of the value of the character-

istic comprises an ECAP high threshold (ETH) and an

ECAP low threshold (ETL),

the processing circuitry further configured to, responsive

to the value of the characteristic of the ECAP signal

greater than the ECAP high threshold, incrementally
adjusting:

a respective parameter value for the plurality of respec-
tive control pulses from a first control pulse value
toward a second control pulse value; and

a respective parameter value for the plurality of respec-
tive informed pulses from a first informed pulse
value toward a second informed pulse value.

17. The medical device of claim 16, wherein the process-
ing circuitry is further configured to:

responsive to disabling the closed loop policy, adjust the

informed pulse parameter values back to the first

informed pulse values, and

cause the sensing circuitry to measure the respective

ECAP signal after the respective control pulse, wherein

the processing circuitry makes no adjustments to the

informed pulse parameter values nor the control pulse
parameter values based on the measured respective

ECAP signal while the closed loop policy is disabled.

18. The medical device of claim 17, wherein the process-
ing circuitry further configured to, responsive to receiving
an indication from the sensing circuitry that the value of the
characteristic of the measured respective ECAP signal is less
than the ECAP high threshold, start a low-noise timer.

19. The medical device of claim 18, wherein the process-
ing circuitry is further configured to, responsive to deter-
mining that the low-noise timer has expired, enable the
closed-loop policy.

20. The medical device of claim 16,

wherein the first informed pulse value of the parameter is

a control pulse parameter default value,

wherein the second control pulse value is less than or

equal to the default value, and

wherein the control pulse parameter is set to the second

control pulse value,

wherein the processing circuitry further configured to:
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responsive to determining that the low-noise timer has
expired, adjust the control pulse parameter values
from the second control pulse value to the default
control pulse value.

21. The medical device of claim 20, wherein the process-
ing circuitry is further configured to,

responsive to setting the control pulse parameter values to

the default control pulse value, start a confirmation
timer, and

responsive to determining that the confirmation timer has

expired, enable the closed-loop policy.

22. The medical device of claim 20, wherein the process-
ing circuitry is further configured to, responsive to receiving
an indication from the sensing circuitry, that the value of the
characteristic of the measured respective ECAP signal is
greater than the ECAP high threshold, reducing the respec-
tive parameter value for the plurality of respective control
pulses.

23. The medical device of claim 22, wherein the process-
ing circuitry is further configured to,

responsive to determining that the low-noise timer has

expired, adjust the control pulse parameter values from
the second control pulse value to the default control
pulse value,

responsive to setting the control pulse parameter values to

the default control pulse value, start a confirmation
timer, and

responsive to determining that the confirmation timer has

expired, enable the closed-loop policy.

24. The medical device of claim 13, wherein the process-
ing circuitry is further configured to control the stimulation
generation circuitry to deliver electrical stimulation therapy
according to:

the closed loop policy, or

user input.

25. A non-transitory computer-readable storage medium
comprising instructions, that when executed, cause pro-
grammable processing circuitry to:

receive information indicative of a sensed evoked com-

pound action potential (ECAP) signal;

determine a value of a characteristic of the ECAP signal

based on the information, wherein the ECAP signal is
elicited by respective stimulation pulses of a plurality
of stimulation pulses:

determine whether the value of the characteristic of the

ECAP signal is inside or outside of an expected range
of the characteristic;
responsive to determining that the value is inside the
expected range, execute a closed loop policy, based on
the value of the characteristic of the ECAP signal,
wherein the closed loop policy adjusts a parameter
value that at least partially defines stimulation therapy;

responsive to determining that the value of the character-
istic of the ECAP signal is outside of the expected
range, disable the closed-loop policy and set the param-
eter value to a threshold value;

responsive to setting the parameter value to the threshold




