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CONTROLLING ELECTRICAL
STIMULATION BASED ON A SENSED
STIMULATION SIGNAL

This application claims the benefit of U.S. Provisional
Patent Application No. 62/986,458, filed on Mar. 6, 2020,
the entire content of which is incorporated herein by refer-
ence.

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 is directed to devices, systems,
and techniques for controlling electrical stimulation therapy
by sensing at least one of stimulation signals or evoked
compound action potentials (ECAPs). A medical device
(e.g., an implantable medical device) can deliver one or
more stimulation signals (e.g.. one or more pulses) to the
patient via one or more leads, and the medical device may
sense respective stimulation signals and/or ECAPs elicited
by the pulses. For example, the medical device may be
configured to sense electrical signals. While sensing elec-
trical signals, the medical device may sense one or more
stimulation signals that are indicative of the delivered pulse.
The medical device may also sense an ECAP from the
delivered pulse if the delivered pulse causes a sufficient
number of nerve fibers to depolarize. In response to deter-
mining that a characteristic of one or more stimulation
signals (e.g., a voltage amplitude) have deviated from a
target stimulation signal characteristic value, the medical
device may adjust a value of one or more stimulation
parameters that define a subsequent (e.g., a next) stimulation
pulse to be delivered to the patient. For example, the medical
device may increase or decrease a current amplitude of the
next pulse(s) by a predetermined step size or based on a gain
value representative of an amount of deviation from the
target stimulation signal characteristic value. In this manner,
the medical device may be configured to maintain a consis-
tent volume of neural activation by adjusting the value of
one or more stimulation parameters that at least partially
define stimulation pulses.
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elicit a detectable ECAP signal. For example, the stimulation
pulse may be referred to as a “sub-threshold” stimulation
pulse because the stimulation pulse is below at least one of
a perception threshold, a motor threshold, or an ECAP
detection threshold. Sub-threshold stimulation pulses may
cause a therapeutic effect for the patient, but the lack of a
detectable ECAP signal may prevent the system from using
an ECAP signal to modulate stimulation parameter values in
response to changes in the distance between electrodes and.
target tissue (e.g., target nerves).

A medical device may be configured to sense stimulation
signals and adjust stimulation parameters based on a char-
acteristic of one or more stimulation signals. As discussed
above, ECAPs elicited by stimulation pulses delivered by
the medical device might not be detectible by the medical
device. Even if an ECAP signal is not detectable, the
medical device may detect one or more stimulation signals
caused by the stimulation pulse. The medical device may
determine or adjust values of one or more parameters that at
least partially define subsequent stimulation pulses based
characteristic of the respective stimulation signals. More
specifically, the stimulation signals detected by the medical
device may include information indicative of an efficacy of
therapy delivered to the patient by the medical device. For
example, the stimulation signals may include information
indicative of a distance between one or more electrodes of
the medical device and the target tissue. In this way, the
medical device may adjust stimulation therapy according to
the characteristics of one or more stimulation signals in
order to maintain efficacy of the therapy and/or reduce
undesirable side effects during or as a result of patient
movement.



PatentOracle
C2P28S02 — cited transcript excerpt. The term “stimulation signal” may be used herein to
describe a signal that the medical device senses in response
to a stimulation pulse delivered by the medical device. One
or more sense electrodes of the medical device may detect
a stimulation signal due to one or more stimulation elec-
trodes proximate to the sense electrodes delivering a stimu-
lation pulse. In this way, delivering 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 poten-
tial changes in tissue directly caused by the delivered
stimulation pulse. Conversely, an ECAP is a signal repre-
sentative of physiological action (e.g., depolarizing nerve
fibers) caused by the stimulation pulse. In this way, stimu-
lation 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.

In some examples, the medical device may deliver stimu-
lation pulses in the form of control pulses and informed
pulses. More specifically, electrical stimulation pulses are
delivered in the form of informed pulses and control pulses
that are at least partially interleaved with each other. Control
pulses (e.g., stimulation signal test pulses) are those stimu-
lation pulses that are configured to elicit one or both of a
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PatentOracle
C2P28S03 — cited transcript excerpt. stimulation signal and a detectable ECAP signal. In some
examples, contro] pulses may contribute to the therapy for a
patient. In other examples, control pulses do not contribute
to the therapy for the patient, e.g., non-therapeutic pulses. In
this manner, control pulses may or may not be configured to
elicit a therapeutic effect for the patient. Informed pulses are
those stimulation pulses that are at least partially defined by
one or more parameters based on the detectable stimulation
signal elicited from one or more control pulses. In some
examples, one or more informed pulses are at least partially
defined by one or more parameters based on a respective
ECAP elicited from one or more control pulses. In this
manner, the informed pulses are “informed” by the ECAP
signal detected from a control pulse. Informed pulses are
also configured to provide a therapy to a patient, such as
paresthesia that relieves pain symptoms.

As described herein, a medical device may be configured
to deliver a plurality of informed pulses and/or control
pulses configured to provide a therapy to the patient based
on one or more parameters of ECAP signals elicited by
previously delivered control pulses. The medical device, in
some cases, may deliver a plurality of informed pulses,
which are configured to provide or at least contribute to a
therapy to the patient based on one or more parameters of
ECAP signals elicited by control pulses. In some examples,
the control pulses may be configured to elicit ECAP signals
without contributing to the therapy of the patient. However,
in other examples, the contro] pulses may provide therapy to
the patient either alone or in combination with the informed
pulses. The control pulses may be interleaved with the
delivery of the informed pulses. For example, the medical
device may alternate the delivery of informed pulses with
control pulses such that a control pulse is delivered, and an
ECAP signal is sensed from the control pulses, between
consecutive informed pulses. In some examples, multiple
contro! pulses are delivered, and respective ECAP signals
sensed, between the delivery of consecutive informed
pulses.



PatentOracle
C2P28S04 — cited transcript excerpt. In some examples, multiple informed pulses will be
delivered between consecutive control pulses. In any case,
the informed pulses may be delivered according to a pre-
determined pulse frequency selected so that the informed
pulses can produce or contribute to a therapeutic result for
the patient. One or more control pulses are then delivered,
and the respective ECAP signals sensed, within one or more
time windows between consecutive informed pulses deliv-
ered according to the predetermined pulse frequency. The
predetermined pulse frequency may be a single consistent
frequency or a varied frequency that varies over time. The
pulse width of the control pulses may be shorter than the
pulse width of the informed pulses to enable the medical
device to detect the stimulation signals and/or the ECAP
signals elicited from the control pulses. Put another way, the
longer pulse width of the informed pulses may prevent all
phases of the resulting stimulation signals and prevent the
resulting ECAP signals from being detected due to, for
example, overlapping of the informed pulse with the ECAP
signal and the stimulation signal. In this manner, a medical
device can administer informed pulses from the medical
device uninterrupted while one or both of ECAPs and
stimulation signals can be sensed from control pulses deliv-
ered during times at which the informed pulses are not being
delivered.

In some examples, a pulse frequency of stimulation pulses
(e.g., control pulses and informed pules) delivered by the
medical device may be within a range from 50 Hertz (Hz) to
70 Hz, but this is not required. In some examples, a pulse




PatentOracle
C2P29S03 — cited transcript excerpt. As shown in FIG. 1, system 100 includes an IMD 110,
leads 130A and 130B, and external programmer 150 shown
in conjunction with a patient 105, who is ordinarily a human
patient. In the example of FIG. 1, IMD 110 is an implantable
electrical stimulator that is configured to generate and
deliver electrical stimulation therapy to patient 105 via one
or more electrodes of electrodes of leads 130A and/or 130B
(collectively, “leads 130”), e.g., for relief of chronic pain or
other symptoms. In other examples, IMD 110 may be
coupled to a single lead carrying multiple electrodes or more
than two leads each carrying multiple electrodes. ‘This
electrical stimulation may be delivered in the form of
stimulation pulses. In some examples, IMD 110 may be
configured to generate and deliver stimulation pulses to
include control pulses configured to elicit ECAP signals
and/or cause IMD 110 to sense stimulation signals. The
control pulses may or may not contribute to therapy in some
examples. In some examples, IMD 110 may, in addition to
control pulses, deliver informed pulses that contribute to the
therapy for the patient, but which do not elicit detectable
ECAPs or cause IMD 110 to detect every phase of respon-
sive stimulation signals. IMD 110 may be a chronic elec-
trical stimulator that remains implanted within patient 105
for weeks, months, or even years. In other examples, IMD
110 may be a temporary, or trial, stimulator used to screen
or evaluate the efficacy of electrical stimulation for chronic
therapy. In one example, IMD 110 is implanted within
patient 105, while in another example, IMD 110 is an
external device coupled to percutaneously implanted leads.
In some examples, IMD 110 uses one or more leads, while
in other examples, IMD 110 is leadless.

IMD 110 may be constructed of any polymer, metal, or
composite material sufficient to house the components of
IMD 110 (e.g., components illustrated in FIG. 2) within
patient 105. In this example, IMD 110 may be constructed
with a biocompatible housing, such as titanium or stainless
steel, or a polymeric material such as silicone, polyurethane,
ora liquid crystal polymer, and surgically implanted at a site
in patient 105 near the pelvis, abdomen, or buttocks. In other
examples, IMD 110 may be implanted within other suitable
sites within patient 105, which may depend, for example, on
the target site within patient 105 for the delivery of electrical
stimulation therapy. The outer housing of IMD 110 may be
configured to provide a hermetic seal for components, such
as a rechargeable or non-rechargeable power source. In
addition, in some examples, the outer housing of IMD 110
is selected from a material that facilitates receiving energy
to charge the rechargeable power source.







PatentOracle
C2P31S02 — cited transcript excerpt. IMD 110 may deliver control stimulation to a target
stimulation site within patient 105 via the electrodes of leads
130 according to one or more test stimulation programs. The
one or more test stimulation programs may be stored in a
storage device of IMD 110. Each test program of the one or
more test stimulation programs includes values for one or
more parameters that define an aspect of the control stimu-
lation delivered by IMD 110 according to that program, such
as current or voltage amplitude, pulse width, pulse fre-
quency, electrode combination, and, in some examples,
timing based on informed pulses to be delivered to patient
105. In some examples, IMD 110 delivers control stimula-
tion to patient 105 according to multiple test stimulation
programs.
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A user, such as a clinician or patient 105, may interact
with a user interface of an external programmer 150 to
program IMD 110. Programming 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 trans-
ferred commands and programs from external programmer
150 to contro! 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 programs, stimulation
parameter adjustments, therapy stimulation program selec-
tions, test program selections, user input, or other informa-
tion to control the operation of IMD 110, e.g., by wireless
telemetry or wired connection. As described herein, stimu-
lation 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 charac-
terized as 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 programmer 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 accompany 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 gen-
eral, 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 program-
mer 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
C2P32S02 — cited transcript excerpt. In one or more cases where a stimulation pulse causes
IMD 110 to sense one or more respective stimulation
signals, one or more characteristics of the respective stimu-
lation signal may indicate an efficacy of the electrical
stimulation delivered to patient 105 by IMD 110. For
example, it may be beneficial for a voltage magnitude of the
stimulation signal to be at a target stimulation signal value.
In one example, the target stimulation signal value may be
a target range from a first threshold magnitude value to a
second threshold magnitude value. If the voltage magnitude
of the stimulation signal is less than the first threshold
magnitude value, the electrical stimulation might not be as
effective at treating pain perceived by patient 105 as com-
pared with scenarios in which the voltage magnitude of the
stimulation signal is within the target range. On the other
hand, if the voltage magnitude of the stimulation signal is
greater than the second threshold magnitude value, the
electrical stimulation might be inducing an uncomfortable
(e.g., unwanted or painful) sensation perceived by patient
105 as compared with examples in which the voltage
magnitude of the stimulation signal is within the target
range. In some examples, IMD 110 may control the voltage
magnitude of the stimulation signal to be within a target
range by changing and/or setting one or more parameters of
subsequent stimulation pulses (e.g., control pulses and/or
informed pulses) delivered to patient 105 in response to
measuring the voltage magnitude of one or more detected
stimulation signals.

10

15

20

25

30

40

45

50

55

60

65

14



PatentOracle
C2P32S04 — cited transcript excerpt. Additionally, or alternatively, the target stimulation signal
value (e.g., the target range) of characteristic values of the
stimulation signals may depend on a posture of patient 105.
For example, IMD 110 may include an accelerometer (not
illustrated in FIG. 1) which is configured to generate an
accelerometer signal. IMD 110 may be configured to deter-
mine, based on the accelerometer signal, a posture of patient
105. The determined posture may be a posture of a set of
postures including a standing posture, a seated posture, a
supine posture, a prone posture, and a side-lying posture, as
examples. IMD 110 may be configured to select the target
range of characteristic values of a stimulation signal based
on the determined posture of patient 105. As discussed
above, in some examples, the IMD 110 may be configured
to select the target stimulation signal value of the stimulation
signal based on a magnitude of the stimulation pulse which
causes IMD 110 to sense the stimulation signal in addition
to selecting the target range of characteristic values based on
the posture of patient 105. In fact, the target range of
characteristic values for a particular stimulation signal may
be defined by one or more “transfer functions,” where each
posture of the set of postures being associated with a
respective transfer function.

As described herein, a transfer function may define a
relationship between a magnitude of a stimulation pulse
which causes IMD 110 to sense a stimulation signal and a
target stimulation signal value of the stimulation signal.
Each posture of patient 105 may be associated with a
transfer function which defines the respective relationship
between stimulation magnitude and the target stimulation
signal value of the stimulation signal. In some examples, one
or more transfer functions that are each associated with a
respective posture may represent a linear function, meaning
that such transfer functions define a linear relationship
between the magnitude of a stimulation pulse and the target
range of characteristic values of the stimulation signal




PatentOracle
C2P33S02 — cited transcript excerpt. In the example of FIG. 1, IMD 110 is described as
performing a plurality of processing and computing func-
tions. However, external programmer 150 instead may per-
form one, several, or all of these functions. In this alternative
example, IMD 110 functions to relay sensed signals to
external programmer 150 for analysis, and external pro-
grammer 150 transmits 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
a stimulation signal to external programmer 150. External
programmer 150 may compare a characteristic value of the
stimulation signal to the respective target range of charac-
teristic values, and in response to the comparison, external
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programmer 150 may instruct IMD 110 to adjust one or
more parameters that define the electrical stimulation pulses
delivered to patient 105.

In some examples, stimulation generation circuitry of
IMD 110 may be configured to deliver at least one stimu-
lation pulse between a time in which the stimulation gen-
eration circuitry delivers a first stimulation pulse and a time
in which the stimulation generation circuitry delivers a
second stimulation pulse which is based on a stimulation
signal responsive to the first stimulation pulse. In some
examples, stimulation generation circuitry of IMD 110 may
be configured to deliver the second stimulation pulse con-
secutive to the first stimulation pulse.

In the example techniques described in this disclosure, the
control stimulation parameters and the target stimulation
signal value (e.g., a target range of characteristic values) of
the stimulation signals may be initially set at the clinic but
may be set and/or adjusted at home by patient 105. Once a
target stimulation signal value (e.g., a target range of char-
acteristic values) are set, the example techniques allow for
automatic adjustment of parameters of the stimulation pulses
in order to maintain consistent volume of neural activation
and consistent perception of therapy for patient 105 when
the electrode-to-neuron distance changes. The ability to
change the stimulation parameter values may also allow the
therapy to have long term eflicacy, with the ability to keep
the intensity of the stimulation (e.g., as indicated by the
detected stimulation signals) consistent by comparing the
measured characteristic values of the stimulation signals to
the target range of characteristic values. IMD 110 may
perform these changes without intervention by a physician
or patient 105.







PatentOracle
C2P35S02 — 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
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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
C2P35S03 — 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
stimulation pulse. In addition, sensing circuitry 206 may still
detect stimulation signals when the delivered stimulation
pulses were insufficient to elicit a detectable ECAP signal
(e.g., when the stimulation pulses are configured to be
sub-threshold pulses).

In one example, to determine if the electrical stimulation
therapy elicits enough detectible ECAPs, processing cir-
cuitry 210 is configured to perform a test to determine
whether the plurality of pulses of the electrical stimulation
therapy elicit greater than a threshold ratio of detectible
ECAPs. For example, to perform the test, processing cir-
cuitry 210 may identify a set of ECAPs elicited by a
sequence of consecutive pulses of the plurality of pulses.
Subsequently, processing circuitry 210 may calculate a ratio
of the set of ECAPs to the sequence of consecutive pulses.
For example, processing circuitry 210 may first determine a
number of ECAPs of the set of ECAPs and a number of
pulses of the sequence of consecutive pulses, and then
calculate a ratio of the number of ECAPs to the number of
pulses.

There may be cases in which a particular one or more
stimulation pulses of the sequence of consecutive pulses
might not elicit ECAPs that are detectible by sensing cir-
cuitry 206, but another one or more stimulation pulses of the
sequence of consecutive pulses do elicit ECAPs that are
detectible by sensing circuitry 206. In such cases, processing
circuitry 210 may be configured to determine therapy based
on one or more characteristics of the detectible ECAPs
rather than determine therapy based on one or more char-
acteristics of detectible stimulation signals. In some
examples, processing circuitry 210 may determine whether
the ratio of detectible ECAPs to stimulation pulses is greater
than the threshold ratio. In one or more cases where the ratio
is greater than the threshold ratio, processing circuitry 210
may determine therapy based on characteristics of the
detectible ECAPs. In one or more cases where the ratio is not
greater than the threshold ratio, processing circuitry 210
may determine therapy based on characteristics of the
detectible stimulation signals.
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ECAP. In some examples, responsive to determining that a
plurality of pulses do not elicit greater than a threshold ratio
of detectible ECAPs, processing circuitry 210 is configured
to set, based on one or more characteristics of a stimulation
signal, one or more parameters which at least partially define
the one or more pulses deliverable by stimulation generation
circuitry 202 after a stimulation pulse which elicits the
respective stimulation signal. In some examples, processing
circuitry 210 may set one or more parameters which at least
partially define the one or more pulses deliverable by
stimulation generation circuitry 202 based on a combination
of characteristics of one or more detectable ECAPs and
characteristics of one or more detectible stimulation signals.

Stimulation generation circuitry 202 may be configured to
deliver one or more stimulation pulses, at least one of which
may cause sensing circuitry 206 to sense a stimulation signal
in response to the delivery of the respective pulse. In some
examples, to sense a stimulation signal, sensing circuitry
206 may detect, via any one or combination of electrodes
232, 234, one or more electrical signals which are generated
by stimulation generation circuitry 202 and delivered to
patient 105 via any one or combination of electrodes 232,
234. In some examples, stimulation signals may include
information which is useful for determining one or more
parameters of upcoming therapy pulses generated by stimu-
lation generation circuitry 202. For example, information
included by a stimulation signal may include one or more
characteristics which indicate an efficacy of therapy deliv-
ered to patient 105 via electrodes 232, 234. In some cases,
the one or more characteristics may reflect a separation
between one or more of electrodes 232, 234 and target tissue
of patient 105 (e.g., spinal cord 120). Such a distance
between electrodes 232, 234 and spinal cord 120 may be
relevant to determining therapy since a smaller intensity
(e.g., amplitude and/or pulse length) of therapy pulses is
required to stimulate a nerve if electrodes 232, 234 move
closer to spinal cord 120 and vice versa.



PatentOracle
C2P36S02 — cited transcript excerpt. Processing circuitry 210 may be configured to compare a
characteristic value of a stimulation signal to a target stimu-
lation signal value and adjust a stimulation parameter value
based on the comparison. For example, processing circuitry
may be configured to determine whether a characteristic
value of a stimulation signal is within a range from a first
threshold characteristic value to a second threshold charac-
teristic value. In some examples, the characteristic value
may include an amplitude of the stimulation signal, an
amplitude of a portion of the stimulation signal, a slope of
a portion of the stimulation signal, an area under a curve of
at least a portion of the stimulation signal, or any combina-
tion thereof. In this way, sensing circuitry 206 may be
configured to determine whether an amplitude of a portion
of the stimulation signal is within a range from a first
threshold amplitude value for the portion of the stimulation
signal to a second threshold amplitude value for the portion
of the stimulation signal, for example, but this is not
required. The characteristic value may represent any mea-
surable characteristic of a stimulation signal.

Responsive to determining that the characteristic value of
the stimulation signal is not within a range from a first
threshold characteristic value to a second threshold charac-
teristic value, processing circuitry 210 may change one or
more parameters which at least partially define one or more
pulses deliverable by the stimulation generation circuitry
after the stimulation signal as compared with the one or
more parameters which at least partially define one or more
pulses deliverable by the stimulation generation circuitry
before the stimulation signal. In some examples, processing
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circuitry 210 may determine that the characteristic value is
lower than the first threshold characteristic value.



PatentOracle
C2P36S03 — cited transcript excerpt. In response to the characteristic value being lower than
the first threshold characteristic value, processing circuitry
210 may be configured to increase (e.g., increment) one or
more parameters which at least partially define one or more
pulses deliverable by stimulation generation circuitry 202
after the stimulation signal (e.g., increase one or more
parameters which define pulses of therapy stimulation pro-
grams 214 and/or test stimulation programs 216). In some
examples, processing circuitry 210 may increase the one or
more parameters proportional to an amount that the charac-
teristic value is lower than the first threshold characteristic
value. In some examples, processing circuitry 210 may
increase the one or more parameters by a predetermined
amount no matter the amount that the characteristic value is
lower than the first threshold characteristic value. In some
examples, processing circuitry 210 may increase the one or
more parameters according to a function, where an input to
the function is the characteristic value of the stimulation
signal.

In response to the characteristic value being greater than
the second threshold characteristic value, processing cir-
cuitry 210 may be configured to decrease (e.g., decrement)
one or more parameters which at least partially define one or
more pulses deliverable by stimulation generation circuitry
202 after the stimulation signal (e.g., decrease one or more
parameters which define pulses of therapy stimulation pro-
grams 214 and/or test stimulation programs 216). In some
examples, processing circuitry 210 may decrease the one or
more parameters proportional to an amount that the charac-
teristic value is greater than the second threshold character-
istic value. In some examples, processing circuitry 210 may
decrease the one or more parameters by a predetermined
amount no matter the amount that the characteristic value is
greater than the second threshold characteristic value. In
some examples, processing circuitry 210 may decrease the
one or more parameters according to a function, where an
input to the function is the characteristic value of the
stimulation signal.

Processing circuitry 210 may maintain one or more
parameters of which at least partially define one or more
pulses deliverable by stimulation generation circuitry 202
after a respective stimulation signal responsive to determin-
ing that a value of a characteristic of the stimulation signal
is within a range from a first threshold characteristic value
to a second threshold characteristic value. For example, if
the characteristic of the stimulation signal is within the
range, this may indicate that the one or more parameters
which at least partially define one or more pulses deliverable
by stimulation generation circuitry 202 are within a desired
range.





PatentOracle
C2P37S02 — cited transcript excerpt. tionally, it may be expected that a second stimulation pulse
having a second amplitude will cause sensing circuitry 206
to detect a stimulation signal having an amplitude within a
second range of amplitude values. If the first amplitude of
the first stimulation pulse is lower than the second amplitude
of the second stimulation pulse, a lower-bound of the first
range may be lower than a lower-bound of the second range
and an upper-bound of the first range may be lower than an
upper-bound of the second range. In some examples, a range
of target amplitude values for a stimulation signal may be
linearly related to an amplitude of a stimulation pulse which
causes sensing circuitry 206 to detect the stimulation signal.
Storage device 212 may store target values 218 which
include a set of target ranges and other target values, where
each target range and target value of target values 218
corresponds to a respective stimulation pulse amplitude
value of a set of stimulation pulse amplitude values.
Determining therapy based on one or more stimulation
signals may, in some cases, depend on a posture of patient
105. For example, processing circuitry 210 may be config-
ured to determine a posture of patient 105 based on an
acceleration signal generated by acceleration sensor 223. In
some examples, the accelerometer signal includes a vertical
component, a lateral component, and a frontal component
corresponding to a vertical axis, a lateral axis, and a frontal
axis, respectively. In this way, the accelerometer signal
represents a three-dimensional measurement of acceleration.
It may be beneficial for processing circuitry 210 to analyze
one or more of the vertical axis, the lateral axis, and the
frontal axis in order to determine a posture of patient 105.
In some examples, acceleration sensor 223 is configured
to generate an accelerometer signal. Processing circuitry 210
is configured to identify, based on the accelerometer signal,
a posture of a set of postures which patient 105 is occupying.
The set of postures may include, for example, a standing
posture, a sitting posture, a supine posture, a prone posture,
a side-lying posture, or any combination thereof. In some
examples, expected parameter values of the accelerometer
signal corresponding to each posture of the set of postures
are stored in storage device 212. Subsequently, processing
circuitry 210 may select, based on the identified posture, a
target stimulation signal value (e.g., a target range of char-
acteristic values) for a stimulation signal sensed by IMD 200
in response to a delivery of a corresponding stimulation
pulses. For example, if stimulation generation circuitry 202
generates a stimulation pulse having a stimulation amplitude
and delivers the stimulation pulse to target tissue of patient
105 via one or a combination of electrodes 232, 234,
processing circuitry 210 may select, based on a posture of
patient 105 during the delivery of the stimulation pulse, a
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C2P37S03 — cited transcript excerpt. target range for a characteristic of the resulting stimulation
signal sensed by sensing circuitry 106. Subsequently, pro-
cessing circuitry 210 may determine whether to change one
or more parameters of therapy stimulation programs 314
and/or test stimulation programs 216 based on whether the
characteristic value is within the target range of character-
istic values selected based on the posture of patient 105.
In some examples, processing circuitry 210 is configured
to identify, based on the accelerometer signal, a posture of
a set of postures which patient 105 is occupying while a
stimulation pulse is delivered and identify an amplitude of
the stimulation pulse. Subsequently, processing circuitry
210 may select a target range of characteristic values for a
characteristic of a stimulation signal sensed by sensing
circuitry 206 in response to the delivery of the stimulation
pulse based on both of the posture of patient 105 and the
amplitude of the stimulation pulse. For example, target
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values 218 may include a respective transfer function cor-
responding to each posture of the set of postures. Each
transfer function represents a relationship (e.g., a linear
relationship) between the amplitude of a stimulation pulse
and the target stimulation signal value (e.g., a target range of
characteristic values) for a stimulation signal sensed by IMD
200 in response to the delivery of the stimulation pulse. As
such, processing circuitry 210 may, when evaluating
whether to change one or more parameters of upcoming
stimulation pulses, first select a transfer function corre-
sponding to a present stimulation pulse and subsequently
select a target range of characteristics based on the ampli-
tude of the present stimulation pulse, but this is not required.
Processing circuitry 210 may first analyze the amplitude of
the stimulation pulse and subsequently determine the pos-
ture of patient 105, in some cases.
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side of the lead as the electrodes of first channel 502. ECAPs
508 may be sensed at electrodes 232, 234 from the spinal
cord of the patient in response to stimulation pulses 504.
ECAPs 508 are electrical signals which may propagate
along a nerve away from the origination of stimulation
pulses 504. In one example, ECAPs 508 are sensed by
different electrodes than the electrodes used to deliver
stimulation pulses 504. As illustrated in FIG. 5A, ECAPs
508 may be recorded on second channel 506.

Stimulation signals 509A, 509B, and 509N may be sensed
by leads 230 and sensing circuitry 206 and may be sensed.
during the same period of time as the delivery of stimulation
pulses 504. Since the stimulation signals may have a greater
amplitude and intensity than ECAPs 508, any ECAPs arriv-
ing at IMD 200 during the occurrence of stimulation signals
509 might not be adequately sensed by sensing circuitry 206
of IMD 200. However, ECAPs 508 may be sufficiently
sensed by sensing circuitry 206 because each ECAP 508, or
at least a portion of ECAP 508 used as feedback for
stimulation pulses 504, falls after the completion of each a
stimulation pulse 504. As illustrated in FIG. 5A, stimulation
signals 509 and ECAPs 508 may be recorded on channel
506. In some examples, ECAPs 508 may not follow respec-
tive stimulation signals 509 when ECAPs are not elicited by
stimulation pulses 504 or the amplitude of ECAPs is too low
to be detected (e.g., below the detection threshold).

FIG. 5B is a timing diagram 500B illustrating one
example of electrical stimulation pulses, respective stimu-
lation signals, and respective sensed ECAPs, in accordance
with one or more techniques of this disclosure. For conve-
nience, FIG. 5B is described with reference to IMD 200 of
FIG. 2. As illustrated, timing diagram 500B includes first
channel 510, a plurality of control pulses 512A-512N (col-
lectively “control pulses 512”), second channel 520, a
plurality of informed pulses 524A-524N (collectively
“informed pulses 524”) including passive recharge phases
526A-526N (collectively “passive recharge phases 526”),
third channel 530, a plurality of respective ECAPs 536A-
536N (collectively “ECAPs 536”), and a plurality of stimu-
lation signals 538A-538N (collectively “stimulation signals
538”).
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Sensing circuitry 206 may sense the first phase 1152 of
stimulation signal 1109 in response to stimulation genera-
tion circuitry 202 delivering the negative phase 1112 of
electrical stimulation pulse 1104. Additionally, sensing cir-
cuitry 206 may sense the second phase 1154 of stimulation
signal 1109 in response to stimulation generation circuitry
202 delivering the positive phase 1114 of electrical stimu-
lation pulse 1104. As seen in FIG. 11, the first phase 1152 is
a positive phase and the second phase 1154 is a negative
phase. In this way, sensing circuitry 206 may sense a
positive stimulation signal phase in response to stimulation
generation circuitry 202 delivering a negative stimulation
pulse phase and sensing circuitry 206 may sense a negative
stimulation signal phase in response to stimulation genera-
tion circuitry 202 delivering a positive stimulation pulse
phase, but this is not required. In some examples not
illustrated in FIG. 11, sensing circuitry 206 may sense a
positive stimulation signal phase in response to stimulation
generation circuitry 202 delivering a positive stimulation
pulse phase and sensing circuitry 206 may sense a negative
stimulation signal phase in response to stimulation genera-
tion circuitry 202 delivering a negative stimulation pulse
phase.

In some examples, processing circuitry 210 may deter-
mine one or more parameters (e.g., voltage amplitude,
current amplitude, pulse duration, pulse shape, or any com-
bination thereof) of upcoming stimulation pulses for gen-
eration by stimulation generation circuitry 202 based on one
or both of the first phase 1152 and the second phase 1154 of
stimulation signal 1109. Additionally, or alternatively, pro-
cessing circuitry 210 may determine the one or more param-
eters of upcoming stimulation pulses for generation by
stimulation generation circuitry 202 based on one or more
characteristics of third phase 1156 (e.g., an amplitude of
peak 1158). Third phase 1156 may be referred to as a
residual phase in some examples and occurs after second.
phase 1154. More specifically, third phase 1156 begins after
stimulation signal 1109 returns to zero at the conclusion of
second phase 1154. As illustrated, peak 1158 occurs shortly
after the conclusion of second phase 1154. In some
examples, a magnitude of peak 1158 of third phase 1156
may be more affected by a posture of patient 105 as
compared with a magnitude of first phase 1152 and a
magnitude of second phase 1154. As such, when using the
magnitude of peak 1158 to determine therapy, it may be
beneficial for processing circuitry 210 to determine a posture
of patient 105 based on the acceleration signal generated by
acceleration sensor 223. It is noted that the third phase 1156
may or may not be detectable when an ECAP signal is
detectable after stimulation signal 1109.



PatentOracle
C2P43S02 — cited transcript excerpt. FIG. 12 is a timing diagram 1200 illustrating an example
of an electrical stimulation pulse 1104, a respective ECAP
1208, and a respective stimulation signal 1209, in accor-
dance with one or more techniques of this disclosure. For
convenience, FIG. 12 is described with reference to IMD
200 of FIG. 2. As illustrated, timing diagram 1200 includes
stimulation signal 1202 and a sense signal 1206. In some
examples, stimulation signal 1202 includes electrical stimu-
lation pulse 1204 and sense signal 1206 includes ECAP
1208 and stimulation signal 1209. Stimulation signal 1209
includes a first phase 1252, a second phase 1254, and a third
phase 1256. Third phase 1256 includes a third phase peak
1258. Third phase 1256 may be referred to as a residual
phase in some cases and may represent an ionic rebalancing
occurring on one or more of electrodes 232, 234 of IMD
200. Although the third phase 1256 may not represent
actively delivered charge from IMD 200, third phase 1256

10

15

20

25

30

35

40

45

50

55

60

65

36

may still be associated with the first and second phase
because the residual charge present in the tissue is due to the
pulse that was just delivered. Timing diagram 1200 of FIG.
12 may be substantially the same as timing diagram 1100 of
FIG. 11 except that sense signal 1206 includes ECAP 1208
in addition to third phase 1256 of stimulation signal 1209.
ECAP 1208 includes N1 peak 1262 and P2 peak 1264. As
described herein, IMD 200 may adjust one or more param-
eter values for subsequent stimulation pulses based on
characteristics of stimulation signal 1209 and/or ECAP
1208.

FIG. 13 is a graph illustrating a first transfer function 1310
corresponding to a first posture, a second transfer function
1320 corresponding to a second posture, and a third transfer
function 1330 corresponding to a third posture, in accor-
dance with one or more techniques of this disclosure. As
described herein, a “transfer function” may represent a curve
which establishes a relationship between a first parameter
and a second parameter. In the case of FIG. 13, a transfer
function represents a relationship between an amplitude of a
stimulation pulse and an expected amplitude of a portion of
a stimulation signal that is detected by sensing circuitry 206
in response to delivering the stimulation pulse. In some
examples, each transfer function may be used to determine
a gain or multiplier that IMD 200 applies to detected
stimulation signal amplitudes in order increase or decrease
parameter values an appropriate amount (e.g., smaller
changes for larger slopes of a transfer function and larger
changes for smaller slopes of a transfer function).



PatentOracle
C2P43S03 — cited transcript excerpt. First transfer function 1310 may represent a relationship
between stimulation pulse amplitude and an expected stimu-
lation signal amplitude while patient 105 is occupying a
supine posture. Second transfer function 1320 may represent
a relationship between stimulation pulse amplitude and an
expected stimulation signal amplitude while patient 105 is
occupying, a seated posture. Third transfer function 1330
may represent a relationship between stimulation pulse
amplitude and an expected stimulation signal amplitude
while patient 105 is occupying a standing posture. A prone
posture may provide another transfer function that may be
different or similar to transfer function 1330 of the standing
posture. As seen in FIG. 13, the relationship between stimu-
lation amplitude and expected stimulation signal amplitude
is “steeper” for first transfer function 1310 as compared with
second transfer function 1320. In this way, an increase in
stimulation amplitude may cause a first increase in expected
stimulation signal amplitude according to first transfer func-
tion 1310 and a second increase in expected stimulation
signal amplitude according to second transfer function 1320,
where the first increase is greater than the second increase.
Additionally, the relationship between stimulation ampli-
tude and expected stimulation signal amplitude is steeper for
second transfer function 1320 as compared with third trans-
fer function 1330.

As discussed in more detail below, processing circuitry
210 of IMD 200 may select, based on a determined posture
of patient 105, a transfer function for identifying an expected
amplitude for a stimulation signal sensed by IMD 200 in
response to a delivery of a stimulation pulse. The selected
transfer function may include first transfer function 1310,
second transfer function 1320, third transfer function 1330,
or another transfer function not illustrated in FIG. 13. A set
of transfer functions each corresponding top a respective
patient posture may be stored by storage device 212 of IMD
200. Subsequent to selecting a transfer function, processing
circuitry may determine the expected amplitude of the
stimulation signal based on an amplitude of the respective
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C2P50S03 — cited transcript excerpt. lation pulse and a second stimulation pulse to a patient,
the first stimulation pulse at least partially defined by a
first value of a parameter;
sensing circuitry configured to sense, via an electrode
5 combination, the first stimulation pulse delivered to the
patient; and
processing circuitry configured to:
identify a value of a characteristic of the first stimula-
tion pulse sensed via the sensing circuitry and the
electrode combination;
determine that the value of a characteristic of the
sensed first stimulation pulse exceeds a target stimu-
lation pulse value; and
responsive to determining that the value of the charac-
teristic of the sensed first stimulation pulse exceeds
the target stimulation pulse value, change the first
value of the parameter to a second value of the
parameter that at least partially defines the second
20 stimulation pulse deliverable by the stimulation gen-
eration circuitry after the first stimulation pulse was
sensed, wherein:
the sensing circuitry is configured to detect a plurality of
evoked compound action potentials (ECAPs), each
25 ECAP of the plurality of ECAPs being elicited by a
respective pulse of the plurality of stimulation pulses,
the number of ECAPs of the plurality of ECAPs is lower
than a number of stimulation pulses of the plurality of
stimulation pulses, and
30 the processing circuitry is configured to determine
whether the plurality of stimulation pulses elicit greater
than a threshold ratio of detectable ECAPs to stimula-
tion pulses.
2. The medical device of claim 1, wherein to determine
35. that the value of the characteristic of the sensed first stimu-
lation pulse exceeds the target stimulation pulse value, the
processing circuitry is configured to:
determine that the value of the characteristic of the sensed
first stimulation pulse is greater than a target maximum
40 stimulation pulse characteristic value, and wherein to
change the first value of the parameter to the second
value of the parameter, the processing circuitry is
configured to:
decrease the first value of the parameter to the second
45 value of the parameter, the second value of the param-
eter at least partially defining the second stimulation
pulse.
3. The medical device of claim 2, wherein to decrease the
first value of the parameter to the second value of the
50 parameter that at least partially defines the second stimula-
tion pulse, the processing circuitry is configured to:
set the parameter which at least partially defines the
second stimulation pulse to a fallback parameter value
that at least partially defines the second stimulation
55 pulse,
wherein the sensing circuitry is further configured to
sense a third stimulation pulse following the second
stimulation pulse, and
wherein the processing circuitry is configured to:
60 identify a value of a characteristic of the third stimu-
lation pulse sensed via the sensing circuitry;
responsive to determining that the value of a charac-
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C2P50S04 — cited transcript excerpt. teristic of the sensed third stimulation pulse does not
exceed the target stimulation pulse value, restore the
65 parameter that at least partially defines a fourth
stimulation pulse deliverable by the stimulation gen-
eration circuitry to the first value of the parameter.
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4. The medical device of claim 2, wherein the processing
circuitry is further configured to:

determine that the value of the characteristic of the sensed

first stimulation pulse is less than a target minimum
stimulation pulse characteristic value, wherein a target
range of stimulation pulse characteristic values extend
from the target minimum stimulation pulse character-
istic value to the target maximum stimulation pulse
characteristic value; and

responsive to determining that the value of the character-

istic of the sensed first stimulation pulse is less than the
target minimum stimulation pulse characteristic value,
increase the first value of the parameter to the second
value of the parameter that at least partially defines the
second stimulation pulse.

5. The medical device of claim 1, wherein to determine
whether the plurality of stimulation pulses elicit greater than
the threshold ratio of detectable ECAPs to stimulation
pulses, the processing circuitry is configured to:

identify a set of ECAPs elicited by a sequence of con-

secutive stimulation pulses of the plurality of stimula-
tion pulses;

calculate a ratio of a number of the set of ECAPs to a

number of the sequence of consecutive stimulation
pulses; and

determine whether the ratio is greater than the threshold

ratio.

6. The medical device of claim 1, wherein the processing
circuitry is further configured to:

responsive to determining that the plurality of stimulation

pulses elicit greater than the threshold ratio of
detectible ECAPs:

change, based on the value of the characteristic of the

sensed first stimulation pulse and a value of a charac-
teristic of an ECAP corresponding to the first stimula-
tion pulse, the value of the parameter that at least
partially defines the second stimulation pulse.

7. The medical device of claim 1, wherein the processing
circuitry is further configured to:

responsive to determining that the plurality of stimulation

pulses does not elicit greater than the threshold ratio of
detectible ECAPs:

change, based on the value of the characteristic of the first

stimulation pulse and not based on a value of a char-
acteristic of an ECAP corresponding to the first stimu-
lation pulse, the value of the parameter that at least
partially defines the second stimulation pulse.

8. The medical device of claim 1, further comprising:

an accelerometer configured to generate an accelerometer

signal, wherein the processing circuitry is further con-
figured to:

identify, based on the accelerometer signal, a posture of a
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identify an amplitude of the first stimulation pulse; and
select, based on the identified posture and the amplitude
of the first stimulation pulse, the target stimulation
pulse value from a set of target stimulation pulse
values, wherein each target stimulation pulse value of
the set of target stimulation pulse values corresponds to
a respective posture of the set of postures and a
respective amplitude of the first stimulation pulse.

9. The medical device of claim 1, wherein the medical
device comprises an implantable medical device, and
wherein the implantable medical device comprises the
stimulation generation circuitry, the sensing circuitry, and
the processing circuitry.

52

10. The medical device of claim 1, wherein the first value
of the parameter at least partially defines the first stimulation
pulse.

11. The medical device of claim 1, wherein the first

5 stimulation pulse represents a control pulse of a set of
contro! pulses, wherein the second stimulation pulse repre-
sents an informed pulse of a set of informed pulses, wherein
the first value of the parameter at least partially defines a
previous informed pulse of the set of informed pulses.

12. The medical device of claim 1, wherein the stimula-
tion generation circuitry is configured to deliver at least one
stimulation pulse between a time in which the stimulation
generation circuitry delivers the first stimulation pulse and a
time in which the stimulation generation circuitry delivers
the second stimulation pulse.

13. The medical device of claim 1, wherein the first
stimulation pulse is one of a first set of one or more
stimulation pulses, wherein the second stimulation pulse is
one of a second set of one or more stimulation pulses,
wherein the characteristic of the sensed first stimulation
pulse represents a characteristic of the sensed first set of one
or more stimulation pulses, and wherein the processing
circuitry is configured to calculate the characteristic of the
sensed first set of one or more stimulation pulses based on
respective characteristic values of each stimulation pulse of
the first set of one or more stimulation pulses.

14. A method comprising:

delivering, by stimulation generation circuitry, a first

stimulation pulse to a patient, the first stimulation pulse

at least partially defined by a first value of a parameter:

sensing, by sensing circuitry and via an electrode com-
bination, the first stimulation pulse delivered to the
patient;

identifying, by processing circuitry, a value of a charac-

teristic of the first stimulation pulse sensed via the

sensing circuitry and the electrode combination;

determining, by the processing circuitry, that a value of a

characteristic of the sensed first stimulation pulse

exceeds a target stimulation pulse value:

responsive to determining that the value of the character-

istic of the sensed first stimulation pulse exceeds the
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maximum stimulation pulse characteristic value, and
wherein changing the first value of the parameter to the
second value of the parameter comprises:

decreasing the first value of the parameter to the second
value of the parameter, the second value of the param-
eter at least partially defining the second stimulation
pulse.

16. The method of claim 15, wherein decreasing the first

54

identify a value of a characteristic of the residual phase
of the first stimulation pulse sensed via the sensing
circuitry and the electrode combination;

determine that the value of a characteristic of the
residual phase of the first stimulation pulse exceeds
a target residual phase value; and

responsive to determining that the value of the charac-
teristic of the sensed residual phase exceeds the

value of the parameter to the second value of the parameter
that at least partially defines the second stimulation pulse
comprises:

target residual phase value, change the first value of
the parameter to a second value of the parameter that
at least partially defines a second stimulation pulse

10

setting the parameter which at least partially defines the
second stimulation pulse to a fallback parameter value
that at least partially defines the second stimulation
pulse, wherein the method further comprises:

15

deliverable by the stimulation generation circuitry
after the residual phase of the first stimulation pulse
was sensed.

20. The medical device of claim 19, wherein the stimu-

sensing, by the sensing circuitry, a third stimulation pulse
following the second stimulation pulse;
identifying, by the processing circuitry, a value of a

lation generation circuitry is configured to deliver a plurality
of stimulation pulses including the first stimulation pulse
and the second stimulation pulse, and wherein the sensing

characteristic of the third stimulation pulse sensed via
the sensing circuitry; and

responsive to determining that the value of a characteristic
of the sensed third stimulation pulse does not exceed
the target stimulation pulse value, restoring the param-
eter that at least partially defines a fourth stimulation
pulse deliverable by the stimulation generation cir-
cuitry to the first value of the parameter.

20 circuitry is further configured to:

25

detect a plurality of evoked compound action potentials
(ECAPs), wherein each ECAP of the plurality of
ECAPs is elicited by a respective pulse of the plurality
of pulses, and wherein the number of ECAPs of the
plurality of ECAPs is lower than a number of stimu-
lation pulses of the plurality of stimulation pulses.

21. The medical device of claim 20, wherein the process-

17. The method of claim 15, further comprising:
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C2P52S03 — cited transcript excerpt. value of the parameter that at least partially defines the 40 number of the sequence of consecutive stimulation
second stimulation pulse. pulses; and
18. The method of claim 14, further comprising: determine whether the ratio is greater than the threshold
generating, by an accelerometer, an accelerometer signal: ratio.
identifying, by the processing circuitry based on the 23. The medical device of claim 21, wherein the process-
accelerometer signal, a posture of a set of postures 45 ing circuitry is further configured to:
which the patient is occupying; responsive to determining that the plurality of stimulation
identifying, by the processing circuitry, an amplitude of pulses elicit greater than the threshold ratio of
the first stimulation pulse; and detectible ECAPs:
selecting, by the processing circuitry based on the iden- change, based on the value of the characteristic of the
tified posture and the amplitude of the first stimulation so sensed residual phase of the first stimulation pulse and
pulse, the target stimulation pulse value from a set of a value of a characteristic of an ECAP corresponding to
target stimulation pulse values, wherein each target the first stimulation pulse, the value of the parameter
stimulation pulse value of the set of target stimulation that at least partially defines the second stimulation
pulse values corresponds to a respective posture of the pulse.
set of postures and a respective amplitude of the first 55 24. The medical device of claim 21, wherein the process-
stimulation pulse. ing circuitry is further configured to:
19. A medical device comprising: responsive to determining that the plurality of stimulation
stimulation generation circuitry configured to deliver a pulses does not elicit greater than the threshold ratio of
first stimulation pulse to a patient, the first stimulation detectible ECAPs:
pulse at least partially defined by a first value of a 60 change, based on the value of the characteristic of the

parameter, wherein the first stimulation pulse com-
prises a first phase and a second phase;
sensing circuitry configured to sense, via an electrode
combination, a residual phase of the first stimulation
pulse delivered to the patient, the residual phase occur-
ring after the first phase and the second phase; and
processing circuitry configured to:
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sensed residual phase of the first stimulation pulse and
not based on a value of a characteristic of an ECAP
corresponding to the first stimulation pulse, the value of
the parameter that at least partially defines the second
stimulation pulse.

25. The medical device of claim 1, wherein the processing

circuitry is configured to:





