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TRIGGERING STORAGE OF ONSET OF
PHYSIOLOGIC CONDITION

CLAIM OF PRIORITY
This application claims the benefit of priority under 35 U.S.C. § 119}
of U.S. Provisional Patent Application Serial Number 62/309,258, filed on
5 March 16, 2016, and U.S. Provisional Patent Application Serial Number
62/294,577, filed on February 12, 2016, each of which is herein incorporated by

reference in ifs entirety.

BACKGROUND

10 Ambulatory medical devices include implantable medical devices
{(IMDs), wearable medical devices, handheld medical devices, and other medical
devices. Some examples of IMDs include cardiac function management (CFM)
devices such ag implantable pacemalkers. implantable cardioverter defibrillators
(ICDBs), subcutanecus implantable cardioverter defibnllators (S-1CDs), cardiac

15 resynchronization therapy devices (CRTs), and devices that include a
combination of such capabilities. The devices can be used to treat patients or
subjects using electrical or other therapy, or to aid a physician or caregiver in
patient diagnosis through nternal monitoring of a patient’s condition.

Some implantable medical devices can be diagnostic-only devices, such

20 as implantable loop recorders (TLRs) and subcutaneousiy implantable heart
failuore monitors (Sub(Q HFMs). The devices may include electrodes in
communication with one or more sense amplifiers to monitor electrical heart
activity within a patient, or can include one or more sensors to monitor one or
more other internal patient parameters. Subcutaneously implantable devices

25 wmay mclude electrodes that are able to sense cardiac signals without being
direct contact with the patient’s heart. Other examples of IMDs include
implantable drug delivery svstems or implantable devices with neural
stimulation capability {e.g., vagus nerve stimulator, baroreflex stinndator, carotid
sinus stimulator, spinal cord stimulator, deep brain stimulator, efc.).

30 Some examples of wearable medical devices include wearable

cardioverter defibriliators (WCDs) and wearable diagnostic devices {e.g.. an

i
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ambulatory monitoring vest, holter monitor, cardiac event monitor, or mobile
cardiac telemetry devices}). WCDs can be monitoring devices that include
surface electrodes. The surface electrodes may be arranged to provide one or
hoth of moratoring to provide surface electrocardiograms (ECGs) and delivery
of cardioverter and defibrillator shock therapy. I some examples, a wearable
medical device can also mclude a monitoring patch wom by the patient such as
an adherable patch or can be included with an article of clothing wom by the
patient.

Some examples of handheld medical devices inchude persomal data
assistants (PDAs) and smartphones. The handheld devices can be diagnostic
devices that record an electrocardiograph (ECG) or other physiological
parameter while the device is resting in the patient’s hand or being held to the
patient’s chest,

CFM devices can be used to record information related to cardiac events
experienced by the patient. These recorded episodes can be uploaded from the
CFM device and evatuated by a clinician.  These recordings can be used to
monitor the progression of disease by the patient. However, by the ime a
physiological condition is detected, the onset of condition may have already
passed and useful information regarding the onset of the condition is ot present
in the recording. Knowledge regarding the onset of a physiological condition
can be useful to physicians and chinicians for diagnostic purposes or to tailor
performance of a medical device to that patient’s needs to provide the most

effective patient therapy.

OVERVIEW

It can be desirable for ambulatory medical devices to correctly detect and
tdentify cardiac events or to collect information used to identify cardiac events.
This can help to provide the most effective device-based therapy or non-device
based therapy for the patient. The presemt subject matter refates {0 improving
recording of cardiac events.

One example apparatus of the present subject matter can include a
sensing circuit configured to generate a sensed physiclogical signal that includes
physiological information of a subject, a detection circuit, and a control circuit.
The detection circuit detects onset of a physiological condition of a subject using

~
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the phvsiological signal. The control circuit stores sampled values of a segment
of the physiological signal inn temporary memory storage: and stores the sampled
values in non~temporary slorage in responsg to receiving an mdication of
confirmation of the physiological condition.

5 This section is intended o provide a brief overview of subject matier of
the present palent application. It 1s not intended to provide an exclusive or
exhaustive explanation of the invention. The detailed description is included to
provide further information about the present patent application such as a
discussion of the dependent clams and the interrelation of the dependent and

10 independent clairns i addition to the statements made m this section.

BRIFF DESCRIPTION OF THE DRAWINGS
In the drawings, which are not necessarily drawn to scale, like numerals
may describe sinular coraponents in different views. Like numerals having
15 different letter suffixes may represent different instances of similar components.
The drawings iltustrate generally, by way of example, but ot by way of
hnitation, the various examples discussed in the present document.
FIG. 1 1s an illustration of an example of portions of a medical device
system that inchudes an IMD.
20 FIGS. 2 and 3 are ilustrations of further examples of an IMD,
FIG. 4 1s an tlustration of portions of another example of a medical
levice system,
FIG. 5 shows a flow diagram of an example of a method of operating an
ambulatory medical device.
25 FIG. 6 shows a block diagram of portions of an example of an
ambulatory medical device.
FIG. 7 iHlusirates an approach to triggering the storing of a physiclogical
signal.
FIG. 8 shows a graph of an example of a heart rate distribution for
30 normal sinus rhythm.
FIG. 9 shows a graph of an example of a heart rate distribution for a
patient in atrial fibriilation.

FIG. 10 shows a representation of a sensed cardiac signal.
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FIG. 11 15 an example of a sensed physiclogical signal having a first
region corresponding to normal sinus rhythm and a second region corresponding
to atrial fibritlation.

FIG. 12 ilustrates an example triggering the storing of a cardiac signal in

S response to detection of syncope.

DETAILED DESCRIPTION
An ambulatory medical device can include one or more of the features,
structures, methods, or combinations thereof described herein. For example, a

10 cardiac monitor or a cardiac stinmulator may be implemented to include one or
more of the advantageous features or processes described below. [t is intended
that such a momior, simulator, or other ambulatory device meed not mciude all
of the features described herein, bul may be implemented to include selected
features that provide for unique structures or functionality. Such a device may

15 beimplemented to provide a variety of therapeutic or diagnostic functions,

FIG. 1 is an illustration of an example of portions of a system 100 that
imcludes an arobulatory medical device that is an IMD 105, Examples of the
IMD 105 include, without imitation, a pacemaker, a cardioverter, a defibrillator,
and other cardiac monitoring and therapy delivery devices, including cardiac

20 devices that include or work in coordination with one or more neuro-stimulating
devices, drugs, drug delivery systems, or other therapies. In an example, the
gystem 100 shown is used to treat a cardiac arrhythmia. The IMD 105 typically
mcludes an electronics unit coupled by one or more cardiac leads 115 to a heart
of a patient or subject. The electronics unit of the IMD 105 typically includes

25  components that are enclosed in a hermetically-sealed housing sometimes
referred to as a canisier or “can.” The sysiem 100 also typically inchudes an
IMD prograromer or other external svstem 190 that comrounicates one or more
wireless signals 185 with the IMD 103, such as by using radio frequency (RF) or
by one or more other telemetry methods.

30 The exampte shown includes a right ventricular (RV) lead 115 having a
proximal end and a distal end. The proximal end is coupled to a header
connector 107, The distal end is configured for placement in the RV. The RV
fead 115 can inchude one or more of a proxamal defibnltation electrode 116, a
distal defibrillation electrode 118 {e.g., RV Coil}, an RV tip elecirode 120A, and

4
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an RV ring electrode 120B. The defibrillation elecirode 116 is generally
incorporated into the fead bodyv such as in a location switable for supraventricular
placement in the superior vena cava {e.g., SVC Coil}. In some examples, the RV
lead 115 includes a ring electrode 132 (e.g., SV ring) in the vicimity of the
proximal defibritiation electrode 116, The defibriliation electrode 118 1s
incorporated into the lead body near the distal end, such as for placerment in the
RY. The RV electrodes 120A and 120B can form a bipolar electrode pair and
are generally incorporated into the lead body at the lead distal end. The
electrodes 116, 118, 120A, and 1208 are each electrically coupled to IMD 105,
such as through one or more conduciors extending within the lead body. The
proximal defibrillation electrode 116, distal defibrillation electrode 118, or an
glectrode formed on the can of IMD 105 allow for delivery of cardioversion or
defibrillation pulses to the heart. The RV tip elecirode 120A, RV ring electrode
120B, or an electrode formed on the can of IMD 105 allow for sensing an RV
electrogram signal representative of RV depolarizations and delivering RY
pacing pulses. The IMD 105 mcludes a sense amplifier circuit to provide
amplification or filtering of the sensed signal. Sensing and pacing allows the
IMD 105 to adjust timing of the heart chamber contractions.

Some IMDs, such as shown m FIG. 1, may not include any electrodes for
sensing electrical activity in an atriurmn. For example, the IMD 105 can be an
ICD with single ventricular chamber sensing. The ICD can include an electrode
attached to a single ventricular lead, and use intrinsic cardiac signals sensed with
the veniricular electrode for arrhyvthmia detection and discrimination {(e.g., by
rate sensing and/or depolarization signal morphology analysis).

An IMD may be a diagnostic-only device and not provide electrical
therapy to the patient. Such a device may include a combination of the RV tip
electrode 1204, RV ring electrode 120B, or the electrode formed on the can of
MDD 105 allow for sensing ventricular depolarizations. Note that the specific
arrangement of leads and electrodes are shown the iHustrated example of FIG. 1
is infended to be non-himiting.

FIG. 2 1s an illustration of another example of portions of a svstem 200
that includes an ambulatory medical device that is an §-1CD 205, The 8-ICD
205 1s implantable subcutaneously and mcludes a lead 215. The lead 215 15 also
umplanted subcutaneously and the proximal end of the lead 215 is coupled to a

5
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header connector 207, The lead 215 can include electrode 220A and electrode
220B {o sense ventricuiar depolarization {(e.g., using far-fieid sensing), but in the
example tlustrated the lead does not include any electrodes that divectly contact
the heart. The lead 215 includes a defibrillation electrode 218 that may be a coil
electrode. The S-ICD 205 may provide one or more of cardioversion therapy
and defibrillation high energy shock therapy to the heart using the defibrillation
electrode 218 and an electrode formed on the can of the S-1CD 205, In some
examples, the S-ICD 205 may also provide pacing pulses for anti-tachvcardia
therapy or bradycardia therapy. Note that direct atrial sensing is not provided in
the arrangement of the dectrodes, but electrodes 220A and 220B allow for
sensing a tar-field ventricular electrogram signal.

FIG. 3 s an iHustration of an example of an IMD that is leadtess. In the
example shown, the IMD 15 a leadless pacemaker 305, The leadless pacemaker
305 15 shown positioned at the endocardium within a ventricular chamber, but
the leadless pacemaker 305 may be positioned at other locations of the heart.
The leadless pacemaker 305 example has a cvlindrical or bullet shape housing
and may nclude one or roore electrodes arranged along the cvlindrical housing
to sense electrical signals of the heart and/or provide electrical stimulation for
pacing the heart. The one or more electrodes mayv be used for communication.
The leadless pacemaker 305 may mclude a mechanism 330 to fix the pacemaker
to the myocardium. Examples of the fixation mechanism can include one or
more tines, one or more barbed tines, and one or more helix-shaped fixation
mechanisms. Direct atrial sensing may not be provided by the electrodes for the
device placement shown in the example, but the electrodes may provide an RV
electrogram signal.

{rther exampies of an ambulatory medical devices include an implantable
toop recorder (ILR), a newrostinuidator (including but not limited to vagus nerve
stimulators, baroreceptor stimulators, and spinal cord stimulators), or other IMD.
These types of devices may not include an electrode positioned in the atrium.
An ambulatory medicat device may be a diagnostic-only device without teads in
the heart and may include one or more hersodynarnic sensors such as a
respiration sensor, blood pressure sensor, or heart sound sensor. A diagnostic-

only device may inchude a posture sensor or a physical activity sensor,

6
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FIG. 4 is an tlustration of portions of ancther example of a medical
device system 400. The system 400 may mnclude one or more ambulatory
medical devices, such as a conventionally implaniable or subcutaneously
implantable medical device 405, a wearable medical device 410, or a handheld

S medical device 403 . Ome or more of the medical devices can include a
commnunication circuit {e.g., a telemetry circuit) to communicaie device
determuned nformation to a communication systern 407, The conununication
system 407 can include an external communication device 412 and a remote
system 414 that communicates with the external commuumication device 412 via a

10 network 418 {e.g., the internet, a proprietary computer network, or a cellular
phone network}). The remote system 414 may include a server 416 remotely
focated from the extermal communication device 412 and the subject to perform
patient management functions. The extemal commumication device 412 may
mclude a prograromer to program therapy parameters of a device-based therapy

15 provided by the implantable medical device. One or both of the external
communication device 412 and the remote sysiem 414 may include a display to
present the mformation to a user, such as a climician.

As explained previously some ambulatory medical devices can be used to
record signals produced by sensors included in the devices. These recorded

20 sigoals can provide useful information that can be evaluated by a climician to
monitor the progression of a patient’s disease, such as heart failure (HF) for
example. However, by the time a physiological condition is detected. the onset
portion of the condition may have already passed by the time the storage of
signals 1s triggered. Useful information regarding the onset of the condition is

25  not captured in the recording and valuable information may not be captured in
the recorded signals.

FIG. 518 a flow diagram of a method of controlling operation of an
ambulatory medical device to trigger storage of one or more physiological
signals 17 response 16 detection of a physiological condition of a patient or

30 subject. At 5035, a physiological signal is sensed using a sensing circuit of the
medical device. The physiological signal mcludes physiological information of

a subject.
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At 510, an onset of a physiological condition of a subject is detected by
the medical device using the physiological signal. Some examples of the
physiological condition include atrial {ibnillation (AF) and syncope.

At 515, saropled values of a segment of the physiological signal s stored

S intemporary memory storage. The storage may be temporary because the
ambulatory medical device may overwrite the temporary storage as the storage s
filled. In some examples, the ambulatory medical device stores the signal
segment recurrently or periodically. In some examples, the ambulatory medical
device initiates or triggers storage of the signal segment i response to detection

10 of onset of the physiological condition. At 520, the sampled values are stored in
non-temporary storage in response to an indication of continued detection of the
physiological condition or a confirmation of the physiological condition.

FIG. 6 shows a block diagram of portions of an example of an
ambulatory medical device 605, The device 6035 includes one or more sensing

15 crcuits 610, a control circuit 615, a detection circuit 620, and may include a
memory 625. The sensing circuit 610 may generate a sensed physiological
signal that includes physiological information of a subject. In certain examples,
the sensing circuit 610 may be electrically coupled to one or more implantable
glectrodes inchuded in a lead arranged for placement in a heart chamber. In

20 certam examples, the sensig circuit 610 may be electrically coupled o one or
more iroplantable electrodes included in a leadless implantable roedical device.
In certain examples, the sensing circuit 610 may be a cardiac signal sensing
circuit and can be electrically coupled to one or more implantable electrodes
configured to sense cardiac signals without direct cardiac contact with the

25  subject (e.g., a subcutaneously implantable electrode).

In some examples, the sensing circuit generates a signal representative of
physiological impedance. For instance, an electrical current could be applied
between an RV electrode (e.g., RV electrode 120B in FIG. 1) and an electrode
formed o the device can. Voltage resulting from the applied current can be

30 measured using another RV electrode {e.g., electrode 118) and an elecirode
formed on the device header 107, fmpedance across at least a portion of the
thorax region of the subject may then be calculated using Ohms Law. The signal
representative of physiological impedance can vary with respiration of the
subject to provide respiration information. The impedance sensing circui can

8
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therefore be used as a respiration sensor to measure respiration parameters such
as respiratory rate, tidal vohume, minute respiration volume, and derived
parameters such as the ratio of respiratory rate over tidal volume. An approach
to monttoring thoracic impedance is described in Hartley et al, U8, Patent No.
6,076,015, “Rate Adaptive Cardiac Rhyvthm Management Device Using
Transthoracic Impedance,” filed February 27, 1998, which is incorporated herein
by reference in its entirety.

In some examples, the sensing circuit 610 includes a pulmonary arterial
pressure {PAP} sensing circuit. A PAP sensing circuit may be implanted in a
pulmonary artery 1o generate a PAP signal. Examples of an implantable PAP
sensor are described in U.S. Patent No. 7,566,308, titled “Method and Apparatus
for Pulmonary Arterv Pressure Signal Isolation,” filed on October 13, 2005,
which is incorporaled herein by reference in its entirety.

in some exarnples, the sensing circuit 610 includes a heart sound sensing
circuit. Heart sounds are associated with mechanical vibrations from activity of
a patient’s heart and the flow of blood through the heart. Heart sounds recur
with each cardiac ¢vcle and are separated and classified according to the activity
associated with the vibration. The first heart sound (81} is the vibrational sound
made by the heart during tensing of the mitral valve. The second heart sound
(823 marks the begimning of diastole. The third heart sound (83} and fourth heart
sound (S4) are related to filling pressures of the left ventricle during diastole.

The physiological signal can be a heart sound signal representative of one
or more heart sounds produced by the heart sound sensor circuit. An example of
a heart sound sensing circuit includes an accelerometer or microphone. An
approach for measuring heart sounds can be found in U.S. Patent No. 7,115,096,
titled “Method and Apparatus for Monttoring of Diastolic Hemodynamics,” fited
on Becember 30, 2002, which 15 incorporated herein by reference in s entirety.

in some exaraples, the sensing circuit 610 mncludes a posture sensing
circuit that generates a posture signal representative of posture of the subject.

An example of a posture sensing circuit includes an accelerometer. An approach
for determuining patient posture using a multi-dimensional posture sensor can be
found in Wang et al., “Posture Detector Calibration and Use,” U.S. Patent No.
8,366,641, filed November 18, 2005, which is incorporated herein by reference

in s entivety.
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In some examples, the sensing circuit 610 includes a physical activity
sensing circuit that generates an activity signal represeniative of physical activity
of the subject. An example of a physical activity sensing circuit includes an
accelerometer.

S in certain examples, the sensing circuit 610, the control circuit 613, the
detection circuit 620, and the memory 625 are included in a wearable device or a
handheld device. In variations the memory 625 or a portion of the memory can
be included in a separate device or can be a central memory located in a network
“cloud.”

10 The control circuit 615 may include a microprocessor, a digital signal
processor, application specific integrated circuit (ASIC), or other type of
processor, mterpreting or executing instructions included in software or
firmware. The memory 625 may be imtegral to or separate from the control
circuit 615. The detection circuit 620 may also be integral to the control circuit

15 615 or may be separate from the control circuit 615, In certain examples, the
sensing circuit 610 is included m a first device and the arrhythmia detection
circuit and the control circuit are included in a second separate device. In certain
examples, the first device is implantable and the second devices is external, such
as the externatl device 412 of FIG. 4.

20 Ambulatory medical devices can be used 1o record cardiac events for
analysis by a clinician. For istance, it may be desirable to use an ambulatory
medical {e.g., a CFM device) 1o detact and record atrial fibrillation (AF)
episodes of g patient, but the patient may not be prescribed a device that includes
dedicated atrial sensing capability. Yet patients with these types of devices may

25 develop atrial arrhythimias, such as AF. This 15 especially true for heart failure
patients who typically have a high incidence of AF. A challenge is to record the
onset porlion of an AF episode. By the time the episode is detected by the
device, the onset may have already passed and a recording of the onget is not
available to the chinician.

30 As explamed above, the sensing circuit 610 of FIG. 6 can include a
cardiac signal sensing circuit. The sensing circuit may sample the cardiac signal
sensing circuit. The control circuit 615 mitiates the storing of sampled values of
a segment of the sensed cardrac signal {e.g., an electrogram) iy temporary
memory storage. In some examples, sampled values obtained during an AF

10



WO 2017/139340 PCT/US2017/016952

10

30

detection window are stored. The control circuit 615 may recurrently initiate the
AF detection window according to a schedule or 111 response to another detected
event.

FIG. 7 is an example of an AF detection window. Tn the example, the AF
detection window includes a number (&.g., 192} ventricular depolarization
intervals and the temporary storage is a memory bufler sived to store sampled
values collected over the intervals. The memory may be temporary siorage
because the control circuit 615 may initiate overwriting of the stored samples
when the memory of the temporary storage becomes full.

The detection circuit 620 can detect onset of AF i a sensed cardiac signal
using a first AF detection criterion and can confirm that the episode is AF using
a second AF detection criterion. When the second AF detection criterion is
satisfied, the detection circuit 620 provides an indication of AF confirmation to
the control circuit 613, The indication may be a signal communicated to the
control circuit 615. In response to receiving the indication that AF is confirmed,
the control circuit 615 stores the sampled values m the non-temporary memory
storage. The memory may be non-teroporary because this memory is not subject
1o overwriting.

I certain examples, the temporary memory storage 1S an onset buffer 640
and the non~temporary storage 13 an event storage buffer 645. The control
circuit 615 witiates transfer of the contents of the onset buffer to the event
storage buffer in response to the indication that AF is confirmed. In some
examples, the temporary memory storage is a first area of memory and the non-
temporary storage 15 in a second area of memory, and the control circuit initiates
transfer of the contents of the first area of memory to the second area of memory
in response to the indication that AF is confirmed. In certain examples, the
ambulatory medical device 605 mcludes a communication circuit (not shown} (o
comununicate information fo a separate device. The temporary memory may be
tocated in the ambulatory medical device and the non-temporary memory may
located in a network cloud. The control circuit 615 initiates transfer of the
contents of the device memory to the cloud memory in response to the indication
that AF is confirmed. In certain examples, the control circuit 615 stores the
sampled in values in non-temporary storage by changing the designation of the
memory from ternporary to non-temporary, and does transfer the contents of

11
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memory from one memory location to another. For instance, the control circuit
615 mayv change the value of a pointer that is used to point {o temporary
memory. Changing the pointer prevents the stored contents from being
overwritten.

S As shown in the example of FI(z. 7, because the triggening of storage of
the cardiac signal 13 not dependent on the detection of the onset of AF, the onset
portion of the AF episode is recorded. The recorded onset of AF can be used to
make decisions for treatment of the subiect. If a pause in AF is present during
the onset of AF, pacing can be used to treat the AF. If atrial tachycardia is

10 present during the onset of AF, then anti~tachy pacing can be used to treat the
AF. If atrial flutter is present during the onset of AF, then atrial flutter ablation
can be performed to ireat AF of the subject.

In some examples, the detection circuit 620 provides an indication of AF
onset to the control circuit 615 when the first AF detection criterion 15 satisfied,

15 and the control circuit 615 stores the indication of AF onset in one or both of the
temporary storage and the non-temporary storage in association with the
sampled values of the segment of the cardiac signal. The first AF detection
criterion may have greater sensitivity to AF detection than the second AF
detection criterton, and the second AF detection criterion may have greater

20 spectficity to AF detection than the first AF detection criterion.

According to some examples, the first AF detection criterion used to
detect onset of AF 1s a sudden change in heart rate of the subject. Usinga
sensed cardiac activity signal, the detection circuit 620 montiors information
corresponding to ventricular depolanization (V-V) intervals. The detection

25  circuit 620 detects AF onset when detecting a change in the V-V intervals that
gxceeds a specified a V-V interval change threshold. The threshold may be
specified as a V-V interval change value that occurs within a specified period of
time or a V-V mterval that occurs in X of ¥ heart beats, where X and Y are
integers and Y is greater than X. The detection circuit 620 generates the

30 mdication of AF onset in response to the change in the V-V intervals being
detected. Alternativelv, the sudden rate change can be detected as a change in
heart rate {(e.g., measurad in beats per minute or bpm}. The detection circut 620
detects AF onset when detecting a change in heart rate that exceeds a specified
rate change value that occurs within a specified period of time.

12
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According to some examples, the first AF detection criterion uses a
measure of heart rate mode to detect AF onset. FIG. € shows a graph of an
example of a heart rate distribution for normal sinus rhythm (NSR). The
horizontal axis is beats per nmunute and the vertical axis 1s percentage of the heart

5 beat samples. Alternatively, the horizontal axis may show values of V-V
intervals. Most of the samples of the distribution are localed between
approximately 50bpm and 90bpm. The heart rate mode is the heart rate having
the most samples in the distribution, or the heart rate correspondingto a V-V
mterval value having the most samples m a V-V interval distribution.  In the

10 example of FIG. §, the heart rate mode is 60bpm.

FIG. 9 shows a graph of an example of a heart rate distribution for a
patient in AF. It can be seen that heart rate is less regular in AF than for the
example of NSR in FIG. 8. In the example of FIG. 9, the heart rate mode has
shifted to 90bpm. To detect onset of AF, the detection circurt 620 of FIG. 6 may

15  determine a heart rate mode as the heart rate corresponding to a V-V interval
value having the most samples iy the V-V interval distribution, and compares the
heart rate mode to a specified heart rate mode threshold value. The detection
circuit 620 generates the indication of AF onset when the heart rate mode
satisfies the specified heart rate mode threshold value.

20 According to some examples, the first AF detection criterion uses a
measure of ventricular depolarization (V-V) interval dispersion or V-V interval
scatter. FIG. 10 shows a representation of a sensed cardiac signal 1005. The
signal s shown having a number of R-waves 1010. The V-V intervals can be
deterroined as intervals between R-waves. RR1 in FIG. 10 refers to the first

25 interval between the first two R-waves; RR2 is the second interval between the
second R-wave and the third R-wave, and so on. Differences between the V-V
intervals are referred to as ARR 1 {e.g., the difference between the RR2 and
RR1), ARR: 5. and so on

FIG. 11 shows an example of a sensad phvsiological signal having a first

30 region 1103 corresponding to NSR and a second region 1110 corresponding to
AF. In the NSR region, the V-V wntervals will be more regular and the
differences in the V-V intervals will be small. In the AF region, the V-V
intervals will be more scattered and the values of the differences in the V-V
intervals will be more varied than for NSR.

i
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In some examples, the detection circuit 620 of FIG. 6 may determine
ventricular depolanzation {(V-V) intervals using the sensed physiological signal
and montiors information corresponding to the V-V intervals. The detection
circuit 620 may nclude a peak detector circuit fo detect R-waves in the sensed

S physiological signal to determine V-V mtervals. The detection circuit 620 may
sample the V-V intervals and store the samples in device memory 625 or a
different memory. The detection circuit 620 may deternine differences between
the V-V intervals and determine a measure of V-V interval dispersion using the
determined V-V interval differences.

10 In some examples, the measure of V-V mterval dispersion includes a
determined vartance of the deternuned interval differences. As the first AF
detection criterion, the detection circuit 620 may compare the determined
variance 1o a specified variance threshold value and generate an mdication of AF
onset when the deternuned vanance satisfies the specified vanance threshold

15 value.

Other measures of ventricular interval dispersion can be used as the first
AF detection criterion. In some examples, the detection circuit 620 deternmines
the differences in the V-V intervals and classifies the interval differences as one
of siable, unstable, or unstable and random. The interval classifications can be

20 used to determine V-V inlerval dispersion,

in certain vanations, the intervals are classified into a stable bin, an
unstable bin, or an unstable-random bin. An interval difference may be
classified as stable when the interval difference is less than a specified threshold
difference value from an inwnediately previous interval difference. An interval

25 difference may be classified as unstable when the interval difference is more
than the specified threshold difference value from the immediately previous
nterval difference, and classified as unstable-random when the magnitude of the
interval difference 15 more than the specified threshold difference value from the
immediatety previous interval difference and the mterval difference is a negative

30 value, that satisfies a specified negaiive value threshold.

in certain exarnples, the threshold difference value is a value
corresponding to less than a 10bpm difference in rate between the two mtervals.
Thus, if RR2 in FIG. 10 15 {000ms corresponding to 60bpm, and RR1 15 857ms
corresponding to 70bpm, the nterval difference ARR» 1s binned as stable. If

14
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RR1 is less than 857ms, then the interval difference is binned as unstable. If
RR2 is less than 857ms and RR1 is equal to 1000ms, the interval difference
ARR1 > is binned as unstable-random. In ceriain examples, interval differences
are only considered for binning if the intervals used (e.g., interval RR1 and RR2)
are included in a triplet of three ventricular beats that are longer than a specified
minimom mterval (e.g., an inferval of 324ms corresponding to a heart rate of
185bpmy.

In the example of FIG. 11, more of the V-V interval differences will be
stable in the NSR region. In the AF region, the number of unstable V-V interval
differences and unstable-random V-V interval differences will increase relative
to the number of stable V-V iterval differences. The detection circuit 620 may
determine a first metric of ventricular interval dispersion using a number of
stable interval differences and a nurnber of unstable nterval differences. The
first metric may include a first ratio determined using a nurnber of stable interval
differences and a number of unstable interval differences {(e.g., first ratio =
unstable/stable}.

The detection circuit 620 may determine a second metric of ventricular
interval dispersion using a deternuned portion of the interval differences that are
unstable-random. The second metric mayv include a second ratio determined
using a nurnber of unstable-random miterval differences and a sum mcluding the
number of stable interval differences and the number of unstable interval
differences {e.g., second ratio = (unstable-random)/{stable + unstable}).

fu the case where the first and second metrice are the rafios, the value of
the first ratio will increase in the presence of AF because the number of V-V
intervals classified as unstable will increase. The value of the second ratio will
tend to imcrease in the presence of AF because the number of V-V intervais
differences classified as unstable-random will increase.

As the first AF detection criterion, the arrhythmia detection circuit 620
may compare the determined first ratio to a specified first ratio threshold value
{e.g.. aratio value of 3) and compare the determined second ratio 1o a specified
second ratio threshold value (e.g., a ratic value of 0.06 or 6%). The detection
circuit 620 generates the indication of AF onset when the first ratio satisfies the
specified first ratio threshold value and the determined second ratio satisfies the

specified second ratio threshold value,
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To confirm that the detected onset is indeed AF, the detection circuit 620
uses a second AF detection criterion.  In some examples the detection circuit
620 uses heart rate density index (HRD) as the second AF detection cniferion.
The detection circuit 620 detemmunes a V-V interval distribution using sampled
5 V-V interval values and determines HRDH ag a portion of the sampled V-V
mierval values corresponding to a V-V mterval occurring most often n the
distribution. {Altematively, the HRDI corresponds to a heart rate occurring most
often in a heart rate distnbution.} In some variations, HRD can be expressed as
a fraction {(e.g., a percentage) of the intervals. In the example of NSR of FIG. 9,
10 the HRDA s 81% corresponding to the heart rate mode of 60bpm. FIG. 10
shows a graph of an example of a heart rate distribution for a patient in AF. In
the examipte of FIG. 10, the HRDI 1s approximately 23%. The detection circuit
620 compares the HRDA to a specified HRDI threshold value and generates an
mdication of AF when the determined HRDI satisfies the HRDI threshold value.
15 Inthe examples of FIGS. 9-10, the detection circuit 620 may generaie an
mdication of AF as the second AF detection criterion when the HRDH 1s fess than
25%.
As explained previously, the first AF detection criterion may have greater
sensitivity to AF detection than the second AF detection criterion, and the
20 second AF detection criterion may have greater specificity to AF detection than
the first AF detection criterion. The difference in sensitivity and specificity can
¢ implemented by adjusting the thresholds of the first AF detection criterion
and the second AF detection criterion. For instance, the specified V-V
dispersion threshold value of the first AF detection criterion can be lowered to
25  include more candidate rhythims as AF, and the HRDI of the second AF
detection criterion can be lowered to make the second AF detection more
difficult to satisty.
Other methods of AF detection can be used for one or both of the first
AF detection criterion and the second AF detection criterion. In some examples,
30 the second AF detection criterion uses morphology of a sensed cardiac signal {o
confirm AF. The detection circuit 620 may calculate a score associated with
correlation of the morphology of the sensed cardiac signal to the morphology of
a template signal representative of AF. An example of a correlation scoreis a
feature correlation coefficient (FCC). The FCC can provide an indication of a

16
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degree of similarity between the shape of the sensed electrogram and the shape
of the template electrogram signal that represents AF. The template may be
recorded for a particular subject or may be created based on a patient population.
An approach to calculating a correlation score can be found in U.S. Patent No.

S 7,904,142, titted “Seif-Adpusting ECG Morphological Feature Correlation
Threshold.” filed May 16, 2007, which is incorporated herein by reference in its
entirety. The detection circuit 620 may generate an indication of confirruation of
AF when the calculated correlation score satisfies a specified threshold score.
The detection for AF can be adjusted to be sensitive or less sensitive by

10 adjusting the threshold score.

The physiological signal can include information of the hemodynanic
system of the subject. During AF, the performance of the subject’s
hemodvnamic svstem may be degraded. The degraded performance may be
reflected in the physiological signal. The second AF detection criterion may

15 confirm AF when detecting a degradation i hemodynamic function.

In some examples, the sensimg circuit 610 inchudes a PAP sensing circuit
that generates a PAP signal representative of PA of the subject. An episode of
AF may result in a reduction in PAP of the subject reflected in the sensed PAP
sigimal. The detection circuit 620 mav apply the second AF detection criterion to

20 the sensed PAP signal to confirm an AF detection using the first AF detection
criterion. In certain examples, the second AF detection criterion generates an
indication of AF confirmation when the PAP as reflected in the PAP signal
decreases below a specified PAP threshold value.

The physiclogical signal used to confirm AF may be different than the

25  physiological signal used to detect onset of AF. For instance, the first AF
detection criferion may be apphed to a sensed electrogram signal and the second
AF detection criterion applied to a PAP signal. In some examples, the
physiological signal used to confirm AF may be the same as the physiological
signal used to detect onset of AF. For instance, the first AF detection criterion

30 and the second AF detection criterion can both be apphied to the sensed PAP
signal, with the detection by the first criterion more sensitive than the detection
by the second criterion,

In some exampies, the sensing circuit 610 includes a heart sound sensing
circuit that generates a hearl sound signal representative of one or more heart

17
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sounds of the subject. An episode of AF may result in a change to a heart sound
parameter measurable in the heart sound signal. For example, the amplitude of
an S1 or 82 heart sound may decrease during an AF episode. In some examples,
the arthythmia detection circuit 620 applies the second AF detection criterion fo

S the sensed heart sound signal to confirm an AF detection using the first AF
detection criterion. The first AF detection criterion may be apphed {0 a sensed
electrogram signal as described previously herein or may be a criterion applied
to the heart sound signal, with the detection by the first criterion more gensitive
than the detection by the second criterion. It certain examples, the first AF

10 detection criterion is applied to a different heart sound parameter than the second
AF detection criterion.

in some examples, the detection circuit uses muhtiple AF detection
windows. For instance, one window can be used to detect AF onset and a
second window can be used fo confirma AF. The control circuit 615 may initiate

15 sensing of the cardiac signal during a first specified detection time duration as
the first AF deiection window using the first AF detection criterion. Sampled
values of a cardiac activity signal sensed during the first detection window are
stored in temporary storage. I AF onset is not detected, the memory of the
temporary storage may be overwritten during the first AF detection window.

20 If AF onset is detecled by the detection cireuit 620 during the first AF
detection window. the control circuit 615 imtiates sensing of the cardiac signal
during a second AF detection window. The detection circut 620 applies the
second AF detection criterion {o the cardiac signal sensed during the second
window to confirm AF. In some examples, the detection circuit 620 applies the

25  second AF detection criterion to both the stored sampled values in the temporary
memory storage and to the cardiac signal sensed in the second AF detection
window to confirm AF.

If AF is confirmed, the control circuit 615 stores the sampled values
sensed during the first detection window m non-temporary memory storage. The

30 control circuit 615 may only store the segment sensed during the first AF
detection window because this segment includes the onset of AF. The second
segment is a continuation of the AF episode. I AF is not confirmed during the

second AF detection window, the detection circuit 620 may revert to checking
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for AF onset. The detection circuit may re-initiate the first AF detection window
if AF is not confirmed durmg the second AF detection window.
According to some examples, the ambulatory medical device includes a
therapy circuit 650 for coupling to electrodes to provide an anti-arthythmic
5 cardiac therapy 1o a subject. The therapy circuit provides electrical anti-
arthythmia therapy to the subject. When AF 15 confirmed by the detection
circuit 620, the control circuit 615 may imtiate electrical pacing therapy or anti-
tachy pacing therapy to treat the AF episode,
According to some examples, a patient with HF may expertence syncope,
10 yetit can be difficult to diagnose the cause of the syncope. Tt may be desirable
to use the ambulatory medical device 605 to detect and record episodes of
syncope for the patient. Implantable loop recorders (ILRs) can be used to detect
the cause of undiagnosed svncope, but the cause can remain unexplained in a
large portion of patients. ILRs often include a button for the patient to press
15 when the patient experiences syncope. However, when syncope occurs,
important information may be lost due to buffer overwriting by the time the
subject recovers enough to press the button.
FIG. 12 1s a diagram of an example of triggering electrogram storage in
response to detecting a cardiac event such as syncope. Sensed physiological
20 signals can nclude information useful 1o detect onset of syncope. In some
exarnples, the detection circuit 620 of FIG. 6 detects onset of syncope using a
sensed physiological signal at 1255 of FIG. 12. The sensing circuit 610
generates a sensed cardiac activity signal and may generale one or more other
types of sensed physiological signals. In response to the detection of onset of
25  svyncope, the control circuit 615 triggers storage of the sampled values of a
segment of a sensed cardiac activity signal in temporary memory storage in
response to detection of syncope. At 1260, the control circuit 616 initiates
storage of the sampled values i non-terporary storage m response to receiving
an indication of confirmation of syncope. The confirmation may be an
30 mdication {e.g., a message) received from a separaie device that the patient or
subject confirms syncope, or the confirmation may be an indication {e.g., a
signal}) received from the detection circuit 620 that may confirm syncope using

one or more of the sensed physiological signals.
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The detection circutt 620 may determing heart rate using a sensed cardiac
activity signal and may detect onset of syncope of the subject using the
determined heari rate. Tn some examples, the detection circuit detects syncope
when detecting a sudden increase i heart rate. In some examples, the detection

S5 circuit 620 detacts svncope when detecting pauses in heart beats of the subject.
The detection circuit 620 sends on indication of syncope to the control circuit
615 and the control circuit 615 mitiates storage of sampled values of the sensed
cardiac activity signal. In some examples, the detection circuit determines
ventricular depolanization rate during syncope using the sensed cardiac activity
10 signal, and stores determined ventricular depolanzation rates o the non-
temporary storage as a histogram.

In some exampies, the sensing circuit 610 generates a sensed
hemodvnamic signal representative of hemodvnamic information of the sabject
in addition to the cardiac activity signal. Some examples of a hemodynamic

15 signal include a signal representative of respiration of the subject, a signal
representative of blood pressure of the subject, and a sighal representative of one
or more heart sounds of the subject.

The detection circuit 620 may detect syncope of the subject using the
hemodynamic signal. For instance, in certain examples the detection circuit 620

20 way detect syncope from a pause in breathing or a reduction in breathing
volume. In certain examples, the detection circuit 620 may detect syncope when
detecting that blood pressure of the subject decreases below a specified threshold
value of blood pressure. In certain examples, the detection circuit 620 may
detect syncope when detecting a decrease in the amplitude of a heart sound (e.g.,

25  adecrease in 82) in a sensed heart sound signal that satisfies a specified
threshold value of heart sound amplitude.

In some examples, the sensing circuit 610 mcludes a posture sensing
circuit and the detection circuit 620 detects svncope using a sensed posture
signal that inchade posture information of the subject. For instance, the detection

30 circwit 620 may detect syncope when the subject undergoes a sudden change in
posture from upright to supine. In some examples, the sensing circuit includes a
physical activity sensor and the detection circuit 620 detects syncope using a

detected posture change and a detected reduction in physical activity,
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The ambulatory medical device 605 may contirm syncope using one or
more of the sensed physiological signals. The detection ctrcuit 620 may use a
first syncope detection criterion that is very sensitive to syncope detection and
may use a second syncope detection criterion that is more specific to syncope
S detection. For instance, the detection circuit 620 may use heart rate information
for the first syncope detection criterion and use other hemodynamic information
for the second svncope detection criterion. In response to contirming syncope,
the sensed electrogram is stored in non-temporary storage.
According to some examples, the ambulatory medical device 605
10 receives confirmation of svncope from a second device, such as external device
412 m FIG. 4. The ambulatory medical device 605 can include a communication
circuit 635 to commumicate information wirelessty with a second device which
includes a second communication circunt and may include a user interface.
When the detection circutt 620 detects syvncope the ambulatory medical device
15 605 communicates an indication to the second device. The second device
presents a prompt to the subject to confirm svncope using the user interface. The
ambulatory medical device 605 may send frequent comumunications or alerts to
the second device until a confirmation of syncope or an indication of no syncope
is returned. f the user confirms syncope, the second device initiates
20 communication of the indication of confirmation of syncope or indication of no
syncope.to the first device. The ambulatory medical device stores the sensed
electrogram in non-femporary memory m response to receiving a confirmation
of syncope from the second device.
n some examples, the detection circuit 620 detects ventricutar
25  tachycardia (V T} The control circuit 615 may adjust a VT detection parameter
of the detection circuit in response o the confirmation of svncope. For instance,
tf syncope 1s confirmued or confirmed a threshold nurmber of times, the control
circuit 615 mayv adjust the parameter to be more sensitive to VT detection.
The devices, methods and systems described herein provide device-
30 recorded mformation retated to cardiac evenis experienced by the patient. These
recorded episodes include recording of the onset of the event. The recording can
be uploaded from the device and evaluated by a clinician. The recorded onset

of a physiological condition of the patient can tead to improved treatment of the
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patient’s condition and more effective device-based therapy provided to the

patient.

ADDITIONAL DESCRIPTION AND EXAMPLES
5 Example 1 can include subject matier {such as an apparaius) comprising
a sensing circutt configured to generate a sensed physiological signal, wherein
the phvsiclogical signal includes physiological information of a subject; a
detection circuit electrically coupled to the sensing circuit and configured to
detect a physiological condition of a subject using the phystological signal; and a
10 control circuit configured to store sampled values of a segment of the
physiological signal in temporary memory storage; and to store the sanpled
values m non-temporary storage i response to receiving an indication of
continued detection of the physiological condition.
in Exarople 2, the subject matter of Exarople 1 optionally includes a
15 control circuit configured to trigger storage of the sampled values of the segment
of the physiological signal inn temporary memory storage in response to detection
of onset of the physiclogical condition; and to store the sampled values 1n non-
temporary storage in response to receiving an mdication of confirmation of the
physiological condition as the indication of continued detection of the
20 physiological condition.
in Exarople 3, the subject matter of one or both of Examples 1 and 2
optionally includes a detection circuit configured to detect syncope of the
subject, and wherein the control circuit 1s configured to trigger siorage of the
sampled values in temporary memaory storage in response 1o detection of
25  syncope of the subject; and to store the sampled values in non-temporary storage
in response to receiving an indication of confirmation of syncope of the subject.
In Examnple 4, the subject matter of Exarnple 3 optionally includes a
sensing circuit configured to generate a sensed hemodynamic signal
reprasentative of hemodynamic information of the subject, and whereinr the
30 detection circuit is configured to detect syncope of the subject using the
hemodynamic signal.
In Example 5. the subject matter of Fxample 4 optionally includes a

sensing circuit configured io generate a sensed hemodynamic signal
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epresentative of at least one of respiration of the subject, blood pressure of the

subject, one or more heart sounds of the subject.

In Example 6, the subject matter of one or any combination of Exarnples
3-5 optionally includes a sensing circuit configured to generate one or both of a
sensed posture signal representative of posture of the subject and a sensed
activity signal representative of patient activity, and wherein the detection circuit
is configured to detect syncope of the subject using one or both of the posture
signal and the activity signal.

In Example 7, the subject matter of one or any combination of Examples
3-G optionally includes a sensing circuit configured to generate a sensed cardiac
signal representative of electrical cardiac activity of the subject, and wherein the
detection circuit is configured to determine heart rate using the cardiac activity
signal and detect syncope of the subject using the determuned heart rate.

in Exarople 8, the subject matter of one or any combination of Examples
3-7 optionally includes a sensing circuit configured {o generate a sensed cardiac
signal representative of electrical cardiac activity of the subject, wherem the
detection circuit 1s configured to determine ventricular depolarization rate during
syncope using the sensed cardiac signal, and to store determined ventricular
depolarization rates in the non-temporary storage as a histogram.

In Example 9, the subject matter of one or any combination of Examples
1-8 optionally includes a sensing circuit configured to generate a sensed cardiac
signal representative of electrical cardiac activity of a subject; wherein the
detection circuit is configured to: detect onset of atrial fibrillation (AF) in the
sensed cardiac signal as the physiclogical condition using a first AF detection
criterion; confirm the AF using a second AF detection criterion, wherein the first
AF detection criterion has greater sensitivity to AF detection than the second AF
detection criterion, and the second AF detection criterion has greater specificity
to AF detection than the first AF detection critenion; and provide an indication of
AF confirmation to the control circut as the indication of continued detection;
and wherein the control circuit is configured to: recurrently store the sampled
values of the segment of the cardiac signal in the temporary memorv storage:
and store the sampled values in the non-temporary memaory storage in response

to receiving the indication of AF confirmation.

b
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In Example 10, the subject matter of Example 9 optionally includes a
detection circuit configured to: monitor information corresponding to veniricular
depolarization {V-V) intervals; determine a V-V interval distribution using
sampled V-V interval values; and wherein the detection circuit, according to the

5 second AF detection criterion, is further configured to: determine a heart rate
density imdex (HRDE as a portion of the sampled V-V interval values
corresponding to a V-V interval occurring most often in the distribution;
compare the HRDI {o a specified HRDI threshold value; and generate the
ndication of AF confirmation when the determined HRDI satisfies the HRDI

10 threshold value.

n Example 11, the subject matter of one or both of Examples 9 and 10
optionally inchides a physiological sensing circuit configured to generate a
physiological signal that mncludes physiological information of the subject,
whertein the detection circuit is configured to confirm the AF by applying the

15 second AF detection criterion to the sensed phystological signal.

In Example 12, the subject matter of Example 11 optionally inchides a
physiclogical sensing circuit that mcludes at least one of a heart sound sensor
ctrcuit and a pulmonary arterial pressure sensor circuit.

in Example 13, the subject matter of one or any combination of

20 Examples 9-12 optionally includes a detection circuit configured to provide an
mdication of AF onset to the control circuit, and wherein the controd circwt 18
configured to store the indication of AF onset in one or both of the temporary
storage and the non~temporary storage i association with the sampled values of
the segment of the cardiac signal.

25 n Example 14, the subject matter of one or any combination of
Examples 9-13 optionally inchudes a detection circuit configured to (according to
the {irst AF detection criterion): determine a heart rate mode as the heart rate
corresponding to a V-V interval value having roost samples in the V-V interval
distribution; compare the heart rate mode to a specified heart rate mode

30 threshold value; and generate the mdication of AF onset when the heart rate
mode satisfies the specified heart rate mode threshold value.

n Example 13, the subject matter of one or any combination of
Examples 9-13 optionally inchudes a detection circuit configured to (according to
the {irst AF detection criterion) monttor information corresponding to
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ventricular depolarization {V-V) intervals; detect a change in the V-V intervals
that exceeds a specified a V-V interval change threshold; and generate the
mdication of AF onset in response to the change in the V-V intervals being
detected.

In Example 16, the subject matier of one or any combination of
Exarnples 9-15 optionally includes a memory including a first onset buffer and a
second event storage buffer, and wherein the control circuit is optionally
configured to: store sampled values of the sensed cardiac signal in the onset
buffer and overwrite sampled values previously stored in the onset buffer; and
ittiate, in response to the AF detection by the first and second AF detection
criterion, storing of the sampled values stored in the onset buffer in the event
storage and storing subsequently sampled values of the sensed cardiac signal i1y
the event storage buffer.

Example 17 can include subject matter (such as a medical device
gystem), or can optionally be combined with the subject matter of one or any
combination of Examples 1-16 1o include such subject matter, comprising a first
device that includes: a sensing circuit configured to generate a sensed
physiological signal, wherein the physiological signal includes physiological
information of a subject; a detection circuit electrically coupled to the sensing
circuit and configured to detect onset of syncope of the subject using the
physiological signal; a first communication curcuit electrically coupled to the
comtrol circuit and configured to communicate wireless signals with a separate
device, including to receive an indication of confirmation of syncope from the
separate device; and a control circuit electrically coupled to the syncope
detection circuit and the control circuit, wherein the control circuit is configured
to: trigger storage of sampled values of a segment of the physiological signat in
ternporary memory storage i response to detection of onset of syncope; and to
store the sampled values in non-temporary storage i response to receiving an
mdication of confirmation of syncope.

In Example 18, the subject matter of Example 17 optionally inchides a
second device compnising: a second communication circwit configured to
commmmnicate wireless signals with the first device; a user interface; a control
circuit electricatly coupled to the communication circuit and the user imterface,
wherein the conirol circuit 1s configured to: present a prompt {0 the subject to
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confirm syncope; and imitiate comnmmnication of the indication of confirmation
of syncope to the first device in response to receiving a confirmation of syncope
via the user mterface.

Example 19 can include subject matter (such as an apparatus), or can
optionaily be combined with the subject matier of one or any combination of
Exarnples 1-18 to include such subject matter, comprising a sensing circuit 18
configured to generale a sensed cardiac signal representative of cardiac activity
of a subiect; a control circuit; and an arrhvthnua detection circuit configured 1o
detect onset of atrial fibrillation (AF} in the sensed cardiac signal using a first
AF detection criterion; confirm AF using a second AF detection criterton,
wherein the first AF detection criterion has greater sensitivity to AF detection
than the second AF detection criterton, and the second AF detection criterion has
greater specificily (o AF detection than the first AF detection criterion; and
provide an indication of AF confirmation to the control circuit; and wherein the
comtrol circuit 1s configured to: initiate sensing of the cardiac signal during a first
specified detection time duration as a first AF detection window using the first
AF detection criterion; store sampled values of the sensed cardiac signal sensed
during the first detection window in temporary storage; recuirently overwrite
memory of the temporary storage during the first detection window; initiate, in
response to detection of onset of AF during the first AF detection window,
sensing of the cardiac signal during a second AF detection window using the
second AF detection criterion and the stored sampled values in the temporary
memory storage; and store the sampled values of the cardiac signal sensed
during the first detection window in non-femporary memaory storage in response
to confirming AF using the second AF detection criterion.

In Example 20, the subject matier of Example 19 optionally includes a
therapy circuit electrically coupled to the control circuit and configured for
coupling to electrodes to provide an anti-arthythmic cardiac therapy to a subject,
and wherein the control circuit is configured to mitiate delivery of an anti-
arrhvthmic pacing therapy in response to the generated indication of
confirmation of AF.

Example 21 can include, or can optionally be combined with any portion
or combination of any portions of any one or more of Examples 1-20 to include,
subject matter that can include means for performing any one or more of the
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functions of Examples 1-20, or a machine-readable medium including
mstructions that, when performed by a maching, cause the machine to perform
anv one or more of the functions of Exarples 1-20.

These non-limiting examples can be combined in any permutation or
combination.

The above detailed description includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show, by
way of illustration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as “examples.” Al
publications, patents, and patent documents referred {o in this document are
incorporated by reference herein in their entirety, as though individually
incorporated by reference. In the event of mconsistent usages betweer this
document and those documents so incorporated by reference, the usage in the
mcorporated reference(s) should be considered supplementary to that of this
document; for irreconcilable inconsistencies, the usage in this document
controls.

33

In this document, the terms “a” or “an” are used, as is common in patent
documents, to include one or more than one, independent of any other instances
or usages of “at least one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B” includes “A but not B,” B
butnot A,” and “A and B.” unless otherwise indicated. In the appended claims,
the terms “including™ and “in which™ are used as the plain-English equivalents
of the respective terms “comprising” and “wherein.” Also, in the following
claims, the terms “including” and “comprising” are open-ended, that is, a
system, device, article, or process that includes elements in addition to those
tisted after such a term in a claim are siill deemed to fall within the scope of that

ELIN24

claim. Moreover, in the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended to 1impose numerical
requirements on their objects.

Method examples described herein can be machire or computer-
implemented at least in part. Some examples can include a computer-readable
medium or machine-readable madium encoded with instructions operable to
configure an electronic device to perform methods as described i the above

examples. An implementation of such methods can inchude code, such as
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microcode, assembly language code, a higher-level language code, or the like,
Such code can include computer readable instructions for performing various
methods. The code can form portions of compuier program products. Further,
the code can be tangibly stored on one or more volatile or non-volatile computer-
S readable media during execution or at other times. These computer-readable
media can mclude, but are not imited {o, hard disks, removable magnetic disks,
removable optical disks {e.g., compact disks and digital video disks), magnetic
cassettes, memory cards or sticks, random access memories (RAM's), read only
memories (ROM’s), and the like. In some examples, a carner medium can carry
10 code implementing the methods. The term “carrier mediurm” can be used to
represent carrier waves on which code is transmitted.
The above description s intended to be tilustrative, and not restrictive.
For example, the above-desciibed examples {(or one or more aspects thereof)
may be used in combination with each other. Other embodiments can be used,
15 such as by one of ordinary skill in the art upon reviewing the above description.
The Absiract is provided to comply with 37 C.F.R. §1.72(b), io atlow the reader
to quickly ascertain the nature of the technical disclosure. 1t is submutied with
the understanding that it will not be used to interpret or limit the scope or
meaning of the claims. Also, in the above Detailed Description, various features
20 wmay be grouped together to streamline the disclosure. This should not be
interpreted as intending that an unclaimed disclosed feature is essential to any
claim. Rather, inventive subject matier may lie in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby
imcorporated into the Detailed Description, with each claim standing on its own
25  as a separate embodiment. The scope of the invention should be deternuned
with reference to the appended claims, along with the full scope of equivalents o

which such claums are entitled.
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WHAT IS CLAIMED 1§:

1. An apparatus comprising:

a sensing circutt configured to generate a sensed physiclogical signal,
wherein the phvsiological signal includes physiological information of a subject;

a detection circuit elecirically coupled to the sensing circuit and
configured to detect a physiological condition of a subject using the
physiological signal; and

a control circuit configured to store sampled values of a segment of the
physiological signal in temporary memory storage; and to store the sampled
values in non-temporary storage in response 1o receiving an indication of

continued detection of the physiological condition.

2. The apparatus of claira 1, wherein the control circuit is configured to
trigger storage of the sampled values of the segment of the physiological signal
in temporary memaory storage in response to detection of onset of the
physiclogical condition; and to store the sampled values in nov-temporary
storage in response 1o receiving an indication of confirmation of the
physiological condition as the indication of continued detection of the

phystological condifion.

3. The apparatus of claim 2, wherein the detection circuit is configured to
detect syncope of the subject, and wherein the control circuit is configured to
trigger storage of the sampled values in temporary memory storage in response
to detection of syncope of the subject; and to store the sampled values i non-
temporary storage in response to receiving an indication of confirmation of

syncope of the subject.

4. The apparatus of claim 3, wherein the sensing circuit is configured o
generate a sensed hemodynamic signal representative of hemodynamic
information of the subject, and wherein the detection circuit 1s configured to

detect syncope of the subject using the hemodynamic signal.
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5. The apparatus of claim 4, wherein the sensing circuit 1s configured to
generate a sensed hemodynamic signal representative of at least one of
respiration of the subject, blood pressure of the subject, one or more heart sounds

of the subject.

6. The apparatus of claim 3, wherein the sensing circutt 1s configured to
generate one or both of a sensed posture signal representative of posture of the
subject and a sensed activity signal representative of patient activity, and
wherein the detection circuit is configured to detect syncope of the subject using

one or both of the posture signal and the activity signal.

7. The apparatus of claim 3, wherein the sensing circuit 1s configured to
generaie a sensed cardiac signal representative of electrical cardiac activity of
the subject, and wherein the detection circuit 15 configured to determine heart
rate using the cardiac activity signat and detect svncope of the subject using the

determined heart rate.

8. The apparatus of claim 3, wherein the sensing circuit 1s configured to
generate a sensed cardiac signal representative of electrical cardiac activity of
the subject, wherem the detection circuit 1s configured to determine ventricular
depolanization rate during syncope using the sensed cardiac signal, and to store
determined ventricular depolanization rates in the non-temporary storage as a

histogram.

9. The apparatus of any one of claims 1-8,
wherein the sensing circuit is configured to generate a sensed cardiac
signal representative of electrical cardiac activity of a subject;
wheren the detection circuit 1s configured to
detect onset of atnial fibrillation (AF) in the sensed cardiac signat
as the physiological condition using a first AF detection criterion;
confirm the AF using a second AF detection criterion, wherein
the first AF detection criterion has greater sensitivity to AF detection

than the second AF detection criterion, and the second AF detection

(4l
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criterion has greater specificity to AF detection than the first AF
detection criterion; and

provide an indication of AF confirmation to the control circutt as
the indication of continued detection of the physiological condition; and
wherein the control circuit is configured to:

recurrently store the sampled values of the segiment of the cardiac
signal in the temporary memory storage; and

store the sampled values in the non-temporary memory storage in

response to receiving the indication of AF confirmation.

10, The apparatus of claim 9, wherein the detection circuit ts configured to:

monttor imformation corresponding to ventricular depolanization (V-V)
iniervals;

determine a V-V interval distribution using sampled V-V interval values;
and wherein the detection circut, according to the second AF detection criterion,
is further configured to:

determine a heart rate density index (HRDI) as a portion of the sarpled
V-V interval values corresponding to a V-V interval occurring most often in the
distribution;

compare the HRDI to a specified HRDT threshold value; and

generate the indication of AF confirmation when the determuned HRDI

satisfies the HRD! threshold value.

11 The apparatus of claim 9, including a physiological sensing circuit
configured 1o generate a physiological signal that includes physiological
information of the subject, whereirr the detection circuit s configured to confirm
the AF by applving the second AF detection criterion to the sensed physiological

signal.

12, The apparatus of claim 11, wherein the physiological sensing circuit
ncludes at least one of a heart sound sensor circutt and a pulmonary arterial

pressure Sensor circuit.

(4l
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13, The apparatus of claim 9, wherein the detection circuit is configured to
provide an indication of AF onset to the control circuit, and wherein the control
cirenit s configured to store the indication of AF onset in one or both of the
temporary storage and the non-teroporary storage in association with the

sampled values of the segment of the cardiac signal.

14 The apparatus of claim 13, wherein the detection circuit, according to the
first AF detection criterion, is configured to:

determine a heart rate mode as the heart rate corresponding to a V-V
mterval value having most samples in the V-V interval distribution;

compare the heart rate mode to a specified heart rate mode threshold
value; and

generate the indication of AF onset when the heart rate mode satisfies the

specified heart rate mode threshold value.

15, The apparatus of claim 13, wherein the detection circuit, according to the
first AF detection criterion, 1s configured to:

monttor information corresponding to ventricular depolarization (V-V)
intervals;

detect a change in the V-V intervals that exceeds a specified a V-V
interval change threshold: and

generate the indication of AF onset in response to the change in the V-V

intervals being detected.

(ad
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