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ADAPTIVE EVENT STORAGE IN
IMPLANTABLE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/173,111, filed Feb. 5, 2014, which is a con-
tinuation of U.S. application Ser. No. 12/781,459, filed May
17, 2010, now issued as U.S. Pat. No. 8,649,860, which
claims the benefit of U.S. Provisional Application No.
61/181,542, filed on May 27, 2009, under 35 U.S.C. §119(e),
each of which is hereby incorporated by reference in its
entirety.

BACKGROUND

[0002] Cardiac rhythm management devices can include
implantable devices that provide electrical stimulation to
selected chambers of the heart in order to treat disorders of
cardiac thythm. For example, an implantable pacemaker can
deliver timed pacing pulses to the heart to treat bradyarrhyth-
mia, in which the heart rate can be too slow. In another
example of a cardiac rhythm management device, an implant-
able cardioversion/defibrillator can deliver antitachyarrhyth-
mia pacing (ATP) or a cardioversion or defibrillation shock to
treat tachyarrhythmia, in which the heart rate can be too fast,
and can also include bradyarrhythmia pacing capability. In
yet another example, implantable cardiac resynchronization
therapy (CRT) devices can deliver pacing-level pulses to spa-
tially coordinate the heart contraction (with or without alter-
ing heart rate) for obtaining a more efficient contraction to
improve cardiac output, and such capability can be combined
with pacers, cardioverters, or defibrillators. In an even further
example, implantable neurostimulation devices can be used
to deliver electrical energy to a desired portion of the auto-
nomic nervous system, such as to stimulate or inhibit one of
the sympathetic or parasympathetic nervous systems to adjust
an autonomic balance to impact cardiovascular performance.

Overview

[0003] Cardiac rhythm management devices can be pro-
grammed with a number of different parameter settings that
affect the manner in which therapy is delivered. These param-
eters can be initially programmed after implantation while a
physician is monitoring the patient. In such a case, the phy-
sician may program the device based on electrogram or other
physiological information available in the acute clinical set-
ting. The patient’s condition can later change, however. Cap-
turing accurate electrogram or other physiological informa-
tion obtained over a longer period of time, such as chronically
between regularly-scheduled outpatient office visits, can help
the physician re-program the device, if needed, or to diagnose
and assess the patient’s condition.

[0004] Thepresent inventors have recognized, among other
things, that traditional approaches to recording tachyarrhyth-
mia or other episode data, can fail to record the true onset of
the condition. Missing the episode’s onset can render the
recorded data useless to a treating physician. Onset informa-
tion can be missed due to memory constraints present in a
cardiac rhythm management device. The present systems and
methods can address capturing the true onset of a tach-
yarrhythmia episode or the like, such as through the use of
multiple data buffers and additional trigger criteria, among
other things.
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[0005] In Example 1, a system includes an implantable
physiological data monitor, a processor, a static memory
buffer, a rolling memory buffer, and a memory. The implant-
able physiological data monitor is configured to monitor one
or more physiological data parameters. The processor is
coupled to the implantable physiological data monitor and
configured to detect conditions predictive of a possible future
pathological episode and indicative of the beginning of a
present pathological episode. Detection of the condition pre-
dictive of a possible future pathological episode is accom-
plished using a first physiological data parameter monitored
by the implantable physiological data monitor. Detection of
the condition indicative of the beginning of a present patho-
logical episode is accomplished using a second physiological
data parameter monitored by the implantable physiological
data monitor. The static memory buffer is configured to store
a time segment of a third physiological data parameter when
triggered by the detection of the condition predictive of a
possible future pathological episode. The rolling memory
buffer is configured to store a fixed segment of a fourth
physiological data parameter. Both the third and fourth physi-
ological data parameters are monitored by the implantable
physiological data monitor. The memory is configured to
store the data retained in the static memory buffer and the
rolling memory buffer. Storage to the memory is triggered by
detection of the condition indicative of the beginning of a
present pathological episode.

[0006] In Example 2, the processor of Example 1 is also
configured to determine that the condition predictive of a
future pathological episode is associated with the present
pathological episode. In response to making the determina-
tion, the data retained in the static memory buffer will be
associated with the data retained in the rolling memory buffer.

[0007] InExample 3,the processor of Example 2 is config-
ured to determine that the two conditions are associated at
least in part by determining that the condition predictive of a
future episode occurred within a specified time of the present
pathological episode.

[0008] In Example 4, the system of Example 2 determines
that the condition predictive of a future pathological episode
is associated with the present pathological episode by deter-
mining that the predictive condition substantially persisted
until the present pathological episode began. The determina-
tion can also include a specified time period over which the
predictive condition persisted.

[0009] In Example 5, the system of Example 4 determines
that the predictive condition substantially persisted between
the initial detection and the detection of the condition indica-
tive of the beginning of a present pathological episode con-
dition, except for a period of time.

[0010] InExample 6, the pathological episode of any one or
more of Examples 1-5 optionally include an arrhythmic epi-
sode.

[0011] In Example 7, the detection of either of the condi-
tions in any one or more of the Examples 1-6 includes detect-
ing when at least a specified number of consecutive measure-
ments of the physiological data parameter meets a test.

[0012] In Example 8, the detection of either of the condi-
tions in any one or more of Examples 1-6 includes detecting
when a rate of change of the physiological data meets a test
and there is no indication of physical exertion detected.
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[0013] InExample 9, at least two of the first, second, third,
and fourth physiological data parameters of any one or more
of Examples 1-8 represent the same physiological character-
istic.

[0014] InExample 10, at least two of the first, second third,
and fourth physiological data parameters of any one or more
of Examples 1-8 represent a different physiological charac-
teristic.

[0015] In Example 11, at least the first and second physi-
ological data parameters of any one or more of Examples 1-8
represent the same physiological characteristic. Additionally,
in Example 11, the monitored physiological characteristic
includes at least on of heart rate, electrogram morphology,
blood pressure, blood gas, blood chemistry, respiration rate,
atrial versus ventricular heart rate, heart rate onset, or heart
rate stability.

[0016] InExample 12, the monitoring module of any one of
Examples 1-11 is configured to monitor one or more of an
electrocardiogram sensor, a heart rate sensor, a heart sounds
sensor, a pressure sensor, a blood gas sensor, an electroneuro-
gram sensor, a posture sensor, a respiratory sensor, or a
chemical sensor.

[0017] InExample 13, a method includes monitoring a first
physiological data parameter, detecting a condition predictive
of a possible future pathological episode, collecting a second
physiological data parameter, monitoring a third physiologi-
cal data parameter, detecting a condition indicative ofa begin-
ning of a present pathological episode, and collecting a fourth
physiological data parameter. Monitoring the first and third
physiological data parameters is done using an implantable
physiological data parameter. Collecting the second physi-
ological data parameter is done in response to detecting the
condition predictive of a possible future pathological episode.
The second physiological data parameter is associated with
the condition predictive of a possible future pathological epi-
sode. Collecting the fourth physiological data parameter is
done response to detecting the condition indicative of the
beginning of a present pathological episode. The fourth
physiological data parameter is associated with the condition
indicative of the beginning of a present pathological episode.

[0018] In Example 14, the method of Example 1 also
includes determining that the condition predictive of a pos-
sible future pathological episode is associated with the
present pathological episode. Additionally, in response to
determining the condition is associated to the present patho-
logical episode, the method of Example 1 also stores the
collected second physiological data in association with the
fourth physiological data.

[0019] In Example 15, the determining that the predictive
condition is associated with the present pathological episode
of Example 14 optionally includes determining that the pre-
dictive condition occurred within a specified time period of
the present pathological episode.

[0020] In Example 16, the determining that the predictive
condition is associated with the present pathological episode
of Example 14 optionally includes determining that the pre-
dictive condition substantially persisted for a specified time
period until the condition indicative of the beginning of a
present pathological episode was detected.

[0021] In Example 17, the determining that the predictive
condition substantially persisted of Example 16 includes
detecting a period of time, between the initial detection of the
predictive condition and the detection of the condition indica-
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tive of the beginning of a present pathological episode, during
which the predictive condition was not present.

[0022] InExample 18, detecting the predictive condition of
any one or more of Examples 13-17 includes detecting a
condition predictive of a possible future arrhythmic episode.
[0023] In Example 19, detecting one of the conditions of
any one or more of Examples 13-18 includes detecting that at
least a specified number of consecutive measurements of the
monitored physiological data parameter meet a test.

[0024] In Example 20, detecting one of the conditions of
any one or more of Examples 13-18 includes detecting a rate
of change of the monitored physiological data parameter
meets a test and no corresponding indication of physical
exertion is detect.

[0025] InExample21,atleasttwo ofthe first, second, third,
and fourth physiological data parameters of any one or more
of Examples 13-20 represent the same physiological charac-
teristic.

[0026] InExample 22, atleast two of the first, second third,
and fourth physiological data parameters of any one or more
of Examples 13-20 represent a different physiological char-
acteristic.

[0027] In Example 23, at least the first and second physi-
ological data parameters of any one or more of Examples
13-20 represent the same physiological characteristic. Addi-
tionally, in Example 23, the monitored physiological charac-
teristic includes at least on of heart rate, electrogram mor-
phology, blood pressure, blood gas, blood chemistry,
respiration rate, atrial versus ventricular heart rate, heart rate
onset, or heart rate stability.

[0028] This overview is intended to provide an overview of
subject matter of the present patent application. It is 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Inthe drawings, which are not necessarily drawn to
scale, like numerals may describe similar components in dif-
ferent views. Like numerals having different letter suffixes
may represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the
present document.

[0030] FIGS.1A-1B are example reproductions of multiple
timeline segments of electrogram data illustrating an arrhyth-
mia episode.

[0031] FIG. 2 is a reproduction of an example of one time-
line segment of electrogram (EGM) data illustrating an
arrhythmia episode including the onset of the episode.
[0032] FIG. 3is block diagram illustrating an example of an
implantable cardiac rhythm management system communi-
catively coupled to an external programming and diagnostic
device.

[0033] FIG. 4isablock diagram illustrating an example of
an implantable cardiac rhythm management system config-
ured to enable adaptive event storage.

[0034] FIG. 5 is a flowchart illustrating an example of a
method of adaptive event storage in an implantable CRM
device.

[0035] FIG. 6 is a flowchart illustrating an example of a
method of adaptive event storage in an implantable CRM
device.
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[0036] FIGS. 7A-7C are timeline diagrams illustrating an
example of a method of associating the episode predictor
condition with the episode beginning condition.

[0037] FIGS. 8A-8D are timeline diagrams illustrating an
example of a method of associating the episode predictor
condition with the episode beginning condition.

[0038] FIG. 9 is a flowchart illustrating an example of a
method of post episode adaptive event storage in an implant-
able CRM device.

[0039] FIGS. 10A-10B are timeline diagrams illustrating
examples of methods of determining when to trigger post
episode event storage.

[0040] FIG. 11 is ablock diagramillustrating an example of
an external programming and diagnostic computer.

DETAILED DESCRIPTION

[0041] As described above, when attempting to re-program
a CRM device, physicians can benefit from detailed informa-
tion regarding device performance, especially information
about pathological episodes, such as an arrhythmia or the like.
The following describes methods and systems for providing
physicians with detailed information, such as electrogram
(EGM) data, including capturing onset data for a tach-
yarrhythmia or other pathological episode.

[0042] FIGS.1A-1B are example reproductions of multiple
timeline segments of electrogram (EGM) data illustrating an
arrhythmia episode. In an example, an illustration 100
includes an EGM onset timeline segment 130, a pre-episode
EGM timeline segment 140, and a post-episode timeline seg-
ment EGM 150. Each of the illustrated EGM timeline seg-
ments includes a graphical portion 110 depicting the sensed
and evoked depolarizations, which represent electrical sig-
nals indicating heart function. In this example, each EGM
time segment also includes a variety of device markers 120
noted along the bottom of the graphical display 120. In this
example, the device markers are time synchronized to the
graphical EGM data. Device markers can include indicators
of operations such as atrial sense (AS), right ventricle sense
(VS, VT, VF), right ventricle pace (VP), left ventricle sense
(LVS), left ventricle pace (LVP), noise inhibited pace, persis-
tent noise, post ventricular atrial refractory period (PVARP)
extension, and atrial tachyarrhythmia response (ATR),
among others. The EGM timeline data allows a physician to
see detail regarding a patient’s heart function over a period of
time. Being able to visualize the depolarization morphologies
can provide the physician valuable information for further
treatment and CRM device programming.

[0043] FIG. 2 is a reproduction of one timeline segment of
electrogram (EGM) data illustrating a tachyarrhythmia epi-
sode including the onset of the episode. In this example, the
illustration 200 includes an EGM timeline segment 210 with
a portion highlighted indicating the episode onset 220.
Because storing EGM timeline data can use a considerable
amount of memory, approximately 1.7 KB per cardiac cycle
(at 60 BPM), the present inventors have recognized that meth-
ods of capturing only the time segments of interest to the
physician are particularly beneficial. Although the operation
of the implanted device can be monitored with an external
programmer some of arrhythmia episodes or other occur-
rences of interest only occur intermittently or under special
circumstances not reproducible in the physician’s office. In
certain situations it can be extremely useful for the physician
to observe data recorded at the onset of an episode, such as for
a tachyarrhythmia episode. Therefore, a method of capturing
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data based on events predictive of a future episode or indica-
tive of an onset of a future episode, and then associating the
onset timeline EGM data, such as 220, with actual episode
data captured later can provide clinically useful output.

[0044] FIG. 3 isablock diagram illustrating an example of
an implantable cardiac rhythm management system commu-
nicatively coupled to an external programming and diagnos-
tic device. In this example, the system 300 can include an
implantable medical device (IMB) 305, a physiological data
sensor 310, and an external device 320. In an example, the
IMD 305 can include a cardiac rhythm management (CRM)
device used to provide cardiac rhythm therapy to a patient’s
heart. In an example, the physiological data sensor 310 can be
used to detect EGM data, such as including both sensed and
evoked response depolarization information. In another
example, the physiological data sensor 310 can be used to
monitor one or more other physiological parameters related
to cardiac operations, such as heart rate, respiration rate, or
blood pressure, among others. In some examples, multiple
physiological data monitors can be employed to monitor mul-
tiple relevant physiological parameters.

[0045] The external device 320 can be used for program-
ming the IMB 305 or displaying data obtained from the IMD
305. In an example, the external device can include a personal
computer, such as a laptop, configured to communicate with
the IMB 305. In an example, the external device communi-
cates via a hardwired communication link with the IMD 305.
In another example, the external device 320 communicates
over a wireless communication link with the IMD 305. In an
example, the external device 320 can receive data from the
IMB 305 and display that, such as on a computer display. The
external device 320 can also calculate one or more statistics or
perform additional analysis to assist a physician, technician,
engineer, or other user in monitoring or diagnosing the patient
or in adjusting one or more operating parameters of the IMB
305. An example of additional analysis can include creating
counters for various device stored pathological episodes,
such as atrial tachyarrhythmia response (ATR), treated and
non-treated ventricular tachyarrhythmia episodes.

[0046] FIG. 4is a block diagram illustrating an example of
an implantable cardiac rhythm management system config-
ured to enable adaptive event storage. In an example, a system
400 can include an implantable medical device 305, one or
more physiological data sensors 310A, 310B, . . ., 310N
(collectively hereinafter referred to as 310), and an external
device 320. In an example ofthe system 400, the IMD 305 can
include a physiological data monitor 410, a processor 420,
and a memory 465. In some examples, the processor 420 can
include a processor 425 and a communication bus 430. In an
example, the communication bus 430 can enable communi-
cation between the physiological data monitor 410, the pro-
cessor 425 and the memory 465. In certain examples, the
memory 465 can include a main memory 460, a first buffer
440 and a second buffer 450. In an example, the first buffer
440 can include a rolling data buffer. In this example, the
rolling data buffer 440 can be configured as a first-in, first-out
(FIFO) memory device. In certain examples, the second data
buffer 450 can include a static memory buffer configured to
capture atime segment of data from either the processor or the
physiological data monitor. In an alternative example, the
second data buffer 450 can be configured as a FIFO memory
device, similar to the rolling data buffer 440. In order to save
valuable storage space, various data compression techniques
can be used within the data buffers 440, 450 as well as the
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memory 460. In some examples, different data compression
techniques can be used within each of the data buffers 440,
450 and the memory 460.

[0047] In an example, the communication bus 430 or the
processor 420 can be capable of communicating directly with
any combination of the first data buffer 440, the second data
buffer 450, the main memory 460, the memory 465, or the
physiological data monitor 410. In certain examples, the
communications bus 430 can be eliminated in favor of direct
communication connection between the other device compo-
nents.

[0048] In an example, the physiological data monitor 410
can receive data from one or more physiological data sensors
310. In certain examples, the physiological data sensors 310
can include sensors implanted within the patient’s body, also
referred to as internal sensors. In other examples, the physi-
ological data sensor(s) 310 can include ambulatory or other
external sensors such as worn or carried by the patient or
adhered the apatient’s skin or worn against a patient’s skin. In
some examples, the physiological data sensors 310 can
include both external and internal sensors. In an example, the
physiological data sensors 310 can include one or more of a
heart sound sensor, a blood pressure sensor, a posture sensor,
a respiratory sensor, an activity sensor, or a chemical sensor.
In this example, the physiological data monitor 410 can be
configured to receive data from any orall of the sensors and to
communicate the received data such as to other portions of the
IMD 305 or to an external interface device.

[0049] Once received, the monitored physiological data
can be transferred to the processor 425 or stored directly in
one or more of the first data buffer 440, the second data buffer
450, or the main memory 460. In this example, any of the first
data buffer 440, the second data buffer 450, or the main
memory 460 can be accessed by the external device 320. In
some examples, the memory 465 can be accessible to the
external device 320 over acommunications link. As discussed
above, the communications link between the external device
320 and the IMD 305 can be either wired or wireless.
[0050] FIG. 5 is a flowchart illustrating an example of a
method of adaptive event storage such as can be used in an
implantable CRM device. In an example, a method 500
includes monitoring a first physiological data parameter 510,
detecting an episode predictor condition 520, collecting a
second physiological data parameter 530, monitoring a third
physiological data parameter 540, detecting an episode
beginning condition 550, and collecting a fourth physiologi-
cal data parameter 560.

[0051] At 510, in an example, the method 500 begins with
the physiological data monitor 410 monitoring a first physi-
ological data parameter, such as heart rate or respiration rate.
In an example, the physiological data monitor can use one or
more of the physiological data sensors 310 to obtain the
monitored parameter from the patient.

[0052] At 520, using the monitored first physiological data
parameter, the method 500 continues by detecting an episode
predictor condition. The episode predictor condition can be
any test or threshold or the like indicative of a possible future
episode of interest for monitoring. In an example, an episode
predictor condition of a future tachyarrhythmia episode can
be an elevated heart rate that exceeds a tachyarrhythmia pre-
diction threshold value, but is below an actual tachyarrhyth-
mia detection threshold value. For example, if the tach-
yarrhythmia detection heart rate zone begins at 150 bpm
(beats per minute), such that a heart rhythm exceeding this
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rate is declared a tachyarrhythmia, then an episode predictor
condition can be set at 120 bpm, such as to help collect
information about the onset of a possible future tachyarrhyth-
mia episode, as described herein.

[0053] Although this example has focused on heart rate, the
episode predictor condition can be triggered off any number
of physiological data parameters or statistics kept by the IMD
305. Some example physiological data parameters can
include heart rate, respiration rate, electrogram morphology,
blood pressure, atrial versus ventricular heart rate, or heart
rate stability. In certain examples, the episode predictor con-
dition can include a combination of multiple physiological
data parameters. In some examples, the episode predictor
condition canbe configured to trigger when the rate of change
of amonitored physiological data parameter meets a specified
test. In an example, meeting the specified test can include
exceeding a threshold rate of change, for example, a rapid
acceleration in heart rate. In these examples, the IMB 305 can
also be configured to qualify or disregard a rapid rate of
change if physical exertion is also detected. Inan example, the
episode predictor condition can be programmed by a physi-
cian, allowing the physician the ability to target certain
parameters or conditions for data collection. When pro-
grammed appropriately, the episode predictor condition can
allow the IMB 305 to collect and store data including the
actual onset of a future episode, such as the actual onset of a
future tachyarrhythmia episode, for example.

[0054] At 530, the method 500 continues, such as by col-
lecting a second physiological data parameter from one or
more of the physiological data sensors 310. Inan example, the
second physiological data parameter can be collected by the
physiological data monitor 410 and stored in the memory
465. In certain examples, the second physiological data
parameter can be stored in a data buffer 440. In an example,
the data buffer 440 can be a static data buffer capable of
holding a fixed amount of physiological data before and after
a certain time. For example, when the episode predictor con-
dition is detected, the physiological data monitor 410 can be
instructed to collect the next ten seconds of data, which can
then be stored in the static data buffer 440, such as for future
exportor analysis. The amount of data stored in the static data
buffer 440 by the physiological data monitor 410 can be
configured, and can be limited by the size of the memory
dedicated to the static data buffer 440. In another example, the
data buffer 440 can be a data buffer capable of holding a fixed
amount of physiological data before and after a certain time.
In this example, when the episode predictor condition is
detected, the data buffer 440 can retain some portion of data
collected from the physiological data monitor 410 before the
episode predictor condition and some portion of data col-
lected after the episode predictor condition.

[0055] At 540, the method 500 next monitors a third physi-
ological data parameter. In an example, the third physiologi-
cal data parameter can be monitored by the physiological data
monitor 410.

[0056] At 550, the method 500 can use the monitored third
physiological data parameter to detect an episode beginning
condition. In an example, the episode beginning condition
can represent an actual episode, such as a tachyarrhythmia.
The detection of an episode beginning condition can be trig-
gered by one or many different events, an example can
include a rapid heart rate (e.g., within a tachyarrhythmia rate
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7one, e.g., exceeding 150 bpm) or a sudden increase in res-
piration without a corresponding detection of physical exer-
tion.

[0057] At 560, the IMD 305 can respond to the detected
episode beginning condition, such as by collecting a fourth
physiological data parameter of interest during the actual
episode. In an example, the episode beginning condition trig-
gers the collection of the fourth physiological data parameter
by the physiological data monitor 410. The collected data can
be stored in the memory 465 such as for future export to an
external programming device 320 or analysis by the proces-
sor 425. In certain examples, the fourth physiological data
parameter can be collected in a rolling data buffer 250. The
rolling data buffer 250 can be configured to store a fixed
amount of data such as in a first in, first out (FIFO) manner.
The FIFO configuration allows the IMD 305 to continually
maintain a certain specified time segment of the fourth physi-
ological data parameter. For example, if the FIFO buffer 450
is specified to be capable of storing 30 seconds of EGM
timeline data, at any given moment in time during which the
FIFO buffer 450 is receiving data, the IMD 305 has access to
the past 30 seconds of EGM timeline data. Storing data in a
rolling buffer provides some ability to capture past events,
within the specified length of the buffer. In an example,
detecting the episode beginning condition can trigger the
IMD 305 to store the current contents of the rolling data buffer
450 into the memory 460. In an example, the detection of the
episode beginning condition can trigger the IMD 305 to col-
lect an additional specified time period of data in the rolling
data buffer before storing the contents into the memory 460.
For instance, if the rolling data buffer is capable of storing
thirty (30) second of data, the IMD 305 can be configured to
collect twenty (20) seconds of data after the episode begin-
ning condition is detected, resulting in ten (10) seconds of
data before the episode beginning condition and twenty (20)
seconds of data after detection to be available for later storage
in the memory 460. Additionally, the IMD 305 can be con-
figured to store more data after the episode beginning condi-
tion is detected by repeatedly storing the contents of the
rolling data buffer 450 in the memory 460. In an example, the
rolling data buffer 450 can be capable of storing ten (10)
seconds of data. In this example, when the episode beginning
condition is detected, the past ten seconds of data stored in the
rolling buffer 450 can be stored to the memory 460. Subse-
quently, two additional ten second segments of data stored in
the rolling data buffer can be stored in the memory 460. Thus,
thirty seconds of episode data canbe saved to the memory 460
using a rolling data buffer 450 capable of storing just ten
seconds of data. In this example, the size of the rolling data
buffer 450 determines the length of time prior to detection of
the episode beginning condition that can be retained.

[0058] In some examples, the IMD 305 can have multiple
triggering conditions configured, and the IMD 305 can also
store an indication of which triggering condition caused a
particular storage event. Additional statistical information
regarding the current episode can be stored, such as the actual
percentage of paced ventricular beats or average PR interval
for a specified time interval preceding the episode beginning
condition. Also, additional data regarding the condition of the
patient can be useful in diagnosing the circumstances or
symptoms associated with the data stored about the episode.
Therefore the IMD 305 can also store items such as atrial rate,
ventricular rate, physical activity or exertion level, respiration
rate, autonomic balance, date, or time. In addition to the data
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stored when a triggering condition is met, the system can also
continuously store information regarding one or more of the
triggering parameters. In an example, the IMD 305 can con-
tinuously store the percentage of time during which a pacing
or other therapy is being delivered. This data can then be
displayed as a trend over time.

[0059] FIG. 6 is a flowchart illustrating an example of a
method of adaptive event storage in an implantable CRM
device. In this example, a method 600 can build on the method
500 such as by including additional operations of determining
whether the episode predictor condition is related to the epi-
sode beginning condition 610, associating the episode pre-
dictor condition with the episode beginning condition 620,
and storing the collected second and fourth physiological data
630, such as in association with each other. Method 600 can
address the potential situation in which the episode predictor
condition was met, but the episode predictor condition was
not predictive of an actual later episode. Whether the episode
predictor condition and the episode beginning condition are
indeed associated with each other (e.g., the same episode) can
be determined such as based on one or more factors such as
time between the episode predictor and the episode beginning
conditions, the continued presence of the episode predictor
condition, or correlation with one or more other monitored
physiological data parameters. Additionally, whether the epi-
sode predictor and episode beginning conditions are indeed
associated can also be determined using a combination of
factors, such as a time period between the episode predictor
and the episode beginning conditions in combination with
information about the continued presence or absence of the
episode predictor condition. Some examples of potential
techniques for determining whether the episode predictor
condition and the episode beginning condition are actually
associated with the same episode are illustrated in FIGS.
7A-7C and 8A-8C.

[0060] FIGS. 7A-7C are timeline diagrams illustrating an
example of a method of associating the episode predictor
condition with the episode beginning condition. FIG. 7A
illustrates a rolling buffer 710, a static buffer 720, an episode
predictor condition 730, an episode beginning condition 740,
and a specified time period 750. Similar elements can be
found in FIG. 7B and FIG. 7C, which depict examples of
different variations of the scenario depicted by FIG. 7A.
These figures illustrate an example of associating the episode
predictor condition 730 and the episode beginning condition
740 using the time period 750. In each of these figures, the
episode predictive condition is detected at time T1 and the
episode beginning condition is detected at time T2. Also
shown in each figure is the specified time period 750 running
from T2 back to T0. The time T0 represents the earliest point
in time that T1 can occur and still have the episode predictive
condition 730 be associated with the episode beginning con-
dition 740, in these examples.

[0061] FIG. 7A illustrates an example in which the episode
predictive condition 720 is detected well after time T0. There-
fore, in this example, the episode predictive condition 730
would be associated with the episode beginning condition
740. FIG. 7B illustrates a boundary condition, in which the
episode predictive condition 730 occurs at T0 (T0 equals T1).
Whether this boundary condition would associate the two
conditions depends on how the IMD 305 is programmed. For
example, if the IMD 305 is programmed such that T1 must be
greater than TO (i.e. closer to T2) then the episode predictive
condition 730 would not be associated with the episode
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beginning condition 740. However, if the IMB 305 is pro-
grammed to allow T1 to equal T0, then the two conditions
would be associated. FIG. 7C illustrates an example where
the two conditions would not be associated. In FIG. 7C the
episode predictive condition clearly occurs prior in time to T0
and is outside the time period 750 used to make the associa-
tion. Thus, in a tachyarrhythmia episode example, in which
onset data is stored in the static buffer 720, and tachyarrhyth-
mia episode data is stored in the rolling buffer 710, the tach-
yarrhythmia onset data can be stored in association with the
tachyarrhythmia episode data for the situations shown in
FIGS. 7A-7B, and not for the situation shown in FIG. 7C.
[0062] In an example not specifically illustrated by FIGS.
7A-7C, the episode predictor condition 730 can be associated
with the episode beginning condition if any portion of the data
stored in the static buffer 720 was recorded within time period
750. In this example, all three scenarios depicted by FIGS.
7A-7C would result in the data stored in the static buffer 720
being associated with the data stored in the rolling buffer 710.
[0063] FIGS. 8A-8C are timeline diagrams illustrating an
example of a method of associating the episode predictor
condition with the episode beginning condition. FIGS.
8A-8C cach include illustrations of a rolling buffer 710, a
static buffer 720, an episode predictive condition 830, an
episode beginning condition 840, and a strip chart 850 depict-
ing a time segment of recorded physiological data. These
figures illustrate associating the episode predictor condition
830 and the episode beginning condition 840 based on the
continued (e.g., “sustained”) presence of the episode predic-
tor condition 830 between the time the episode predictor
condition is detected at time T1 until the episode beginning
condition is detected at time T2.

[0064] FIG. 8A depicts an example where the episode pre-
dictor condition 830 will be associated with the episode
beginning condition 840 based on the continued presence of
a physiological condition which led to detection of the epi-
sode predictor condition 830. In this example, the strip chart
850 depicts a physiological parameter, such as heart rate or
respiration rate. At time T1, the strip chart depicts the physi-
ological parameter jumping up above an episode predictive
threshold condition. Continuing to the right, the strip chart
850 depicts the physiological parameter remaining above the
episode predictive threshold condition until T2 when the epi-
sode beginning condition 840 is detected. Thus, this example
depicts a situation where the episode predictor condition can
be associated with the episode beginning condition.

[0065] FIG. 8B depicts an example where the episode pre-
dictor condition 830 can be associated with the episode begin-
ning condition 840, such as if the episode predictive condition
830 need only be substantially present until the episode
beginning condition 840 is detected. Once again the strip
chart 850 depicts a physiological parameter ramping up
above the episode predictive threshold condition 830 at time
T1. However, unlike the scenario depicted in FIG. 8A, the
physiological parameter falls below the episode predictive
threshold at time T3 for a short period of time. In an example,
anytime the episode predictive condition 830 fails to persist
continually until the episode beginning condition 840 is
detected, the episode predictive condition and the episode
beginning conditions can be deemed unassociated. In another
example, the episode predictive condition 830 need only be
substantially present until the episode beginning condition
840 is detected for these two conditions to be associated. In
this example, a short absence of the episode predictive con-
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dition 830, as illustrated in FIG. 8B, would not prevent asso-
ciation of these two conditions. The exact degree or time
period of an absence of the episode predictive condition 830
can be configured depending on the situation, the physiologi-
cal data being monitored, or the diagnostic purpose of the data
collection. The exact degree or time period of an absence of
the episode predictive condition 830 can be configured using
an absolute indication of the time of absence, or a relative
indication (e.g., a percentage) of a sum total of periods of
absence relative to an elapsed time since the initial detection
of the episode predictive condition. In an example, FIG. 8B
can be described as the episode predictive condition having
some level of hysteresis.

[0066] FIG. 8C depicts an example in which the episode
predictor condition 830 will not be associated with the epi-
sode beginning condition 840 based on a lack of persistence
of the episode predictor condition 830 until detection of the
episode beginning condition 840. The strip chart 850 depicts
a physiological parameter triggering detection of the episode
predictive condition 830 at time T1 and later triggering detec-
tion of the episode beginning condition 840 at time T2. How-
ever, the strip chart 850 also depicts the physiological param-
eter dropping below the episode predictive condition 830
shortly after time T1 at time T3. In this example, the physi-
ological parameter does not re-trigger detection of the epi-
sode predictive condition 830 between time T3 and time T2
when detection of the episode beginning condition occurs. In
this example, the episode predictive condition 830 would not
be associated with the episode beginning condition 840.

[0067] FIG. 8D depicts an example in which the episode
predictor condition 830A, 830B occurs multiple times prior
to detection of the episode beginning condition 840. In this
example, the strip chart 850 depicts a physiological parameter
triggering detection of the episode predictive condition 830A,
830B at time T1 and time T1'. In an example, static buffer 720
triggered on the detection of the first episode predictive con-
dition 830A can be discarded, due to the length of time 860 in
which the physiological parameter was below the threshold.
If the first static buffer 720 is disregarded, then only the
second static buffer 725 will be associated with the rolling
buffer 710. In another example, the time period 860 may be
short enough for the dip in the physiological parameter to be
disregarded, as described in FIG. 8B. This is example, the first
static buffer 720 can be associated with the rolling buffer 710.
In the examples illustrated by FIG. 8D, if both of the static
buffers are eligible to be associated with the rolling buffer,
according to the rule described above in reference to FIGS.
7A-7C and 8 A-8C, then one or both of the static buffers 720,
725 can be associated with the rolling buffer 710. In an
example, the earliest in time static buffer, in this case static
buffer 720, can be associated with the rolling buffer 710. In
another example, only the static buffers that occur within a
specified time period 750 can be associated with the rolling
buffer 710. As illustrated by FIG. 8D, limiting association to
static buffers within time period 750 would eliminate static
buffer 720. In yet another example, the most recent in time, in
relation to the episode beginning condition 840, static buffer
725 can be associated with the rolling buffer 710.

[0068] Returning to FIG. 6 and method 600, if it is deter-
mined that the episode predictor condition is related to the
episode beginning condition the conditions can then be asso-
ciated at 620. Association of the episode predictive condition
and the episode beginning condition can result in the col-
lected second and fourth physiological data to be stored as
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related information. For example, the second physiological
data collected in the static buffer 440 can be stored in the
memory 460 as being associated with the fourth physiologi-
cal data collected in the rolling buffer 450. Associating this
data allows a physician to observe the onset information from
the static buffer 440 in relationship to the actual episode data
from the rolling buffer 450, providing a more complete pic-
ture of the episode.

[0069] At 610, ifitis determined that the episode predictive
condition is not related to the episode beginning condition,
then data collected in response to the episode predictive con-
dition can be discarded. In an example where the episode
predictive condition is not actually predictive of a later related
episode, the collected data is then not truly indicative of an
onset of an episode and thus is not of interest to a physician for
diagnostic purposes. In some examples, the IMD 305 can be
configured to store non-associated data collected as a result of
detection of an episode predictive condition. In these
examples, the physician may be interested in the data regard-
less of whether or not a subsequent episode occurred, or a
device engineer may be interested in what sort of data predicts
but fails to lead to an actual later episode.

[0070] FIG. 9 is a flowchart illustrating an example of a
method of post episode adaptive event storage in an implant-
able CRM device. In an example, a method 900 can include
monitoring a first physiological data parameter 910, detecting
an episode beginning condition 920, collecting a second
physiological data parameter 930, detecting an episode end-
ing condition 940, and collecting a third physiological data
parameter 950.

[0071] At 910, in an example, the method 900 begins with
the physiological data monitor 410 monitoring a first physi-
ological data parameter, such as heart rate, respiration rate, or
EGM morphology. In this example, the physiological data
monitor can use one or more of the physiological data sensors
310 to obtain the monitored data from the patient.

[0072] At 920, using the monitored first physiological data
parameter, the method 900 continues by detecting an episode
beginning condition. As discussed in detail above, the episode
beginning condition can be detected through the processor
425 interpreting one or more physiological data parameters.
In this example, the episode beginning condition can be
detected by the processor 425 such as by determining if the
monitored first physiological data parameter meets some
specified test. Examples of the specified test can include
exceeding a threshold, determining that multiple consecutive
measurements exceed a threshold, detecting a prolonged
absence ofa monitored physiological data parameter, or some
combination of these factors.

[0073] At 930, once the episode beginning condition is
detected at 920, the method 900 continues by collecting a
time segment of the second physiological data parameter. In
an example, the IMD 305 collects, via the physiological data
monitor 410, a time segment of EGM data and stores it in
memory 465. In another example, the IMD 3005 triggers the
storage of a time segment of second physiological data
parameter currently contained in a rolling buffer 450.

[0074] At 940, in this example, the method 900 continues
by detecting an episode ending condition at 940. The episode
ending condition can be indicative of the ending of the present
episode. In an example, the episode ending condition can be
detected when the IMD 305 delivers a therapy, such as an
electrostimulation. In certain examples, the episode ending
condition can be detected when one or more of the monitored

Aug. 25,2016

physiological parameters meets a specified test. Once an epi-
sode ending condition is detected, the method 900 collects a
third physiological data parameter at 950. In an example, a
time segment of the third physiological data parameter can be
collected and stored in the memory 465. The data collected
upon detection of the episode ending condition can include
heart rate, EGM data, pressure sensor data, posture sensor
data, activity level data, respiratory sensor data, chemical
sensor data, or device markers. The amount of data collected
and subsequently stored can depend on available IMB 305
memory, such as memory 465, as well as the type of data
collected. For example, a time segment of device marker data
can be much more compact that a similar time segment of
EGM data.

[0075] Inanexample, the collection of the third physiologi-
cal data can be triggered immediately upon detection of the
episode ending condition. In another example, the collection
of the third physiological data can be triggered after a speci-
fied delay beyond the time when the episode ending condition
was detected. In some examples, the specified delay depends
upon the type of therapy delivered by the IMB 305. In yet
another example, the collection of the third physiological data
can be triggered upon detection of another physiological data
parameter meeting a specified test. The specified test could
include the physiological data parameter dropping below a
specified threshold or the detection of multiple EGM cycles
that exhibit a certain morphology. In certain examples, the
collection of the third physiological data can be triggered by
a combination of these factors.

[0076] FIGS. 10A-10B are timeline diagrams illustrating
examples of methods of determining when to trigger post
episode event storage. FIGS. 10A-10B each include illustra-
tions of a rolling buffer 1010, a static buffer 1020, an episode
beginning condition 1030, an episode ending condition 1040,
and a post episode event storage trigger 1050. These figures
illustrate two examples of options for triggering physiologi-
cal data collection after an episode, such as tachyarrhythmia,
has occurred.

[0077] FIG. 10A is a timeline diagram illustrating an
example of a method of triggering post episode event storage
based on a specified time period. In this example, the time
period 1060 depicts a specified time period after detection of
the episode ending condition 1040. The expiration of the
specified time period 1060 can trigger the post episode event
storage. The specified time period 1060 can be configured
based on episode type or data to be collected, among other
things.

[0078] FIG. 10B is a timeline diagram illustrating an
example of a method of triggering post episode event storage
based on a monitored physiological parameter. In this
example, the strip chart 1070 depicts a physiological param-
eter, such as heart rate or respiration rate. In this example, the
strip chart 1070 depicts the physiological parameter (e.g.,
heart rate) triggering the episode beginning condition 1030,
such as a tachyarthythmia. The strip chart 1070, then illus-
trates an episode ending condition 1040 corresponding to a
change or reduction in the monitored physiological param-
eter, indicating recovery from the tachyarrhythmia episode.
In this example, the post event storage 1050 is not triggered
until further change or reduction in the monitored physiologi-
cal parameter is detected. In an example, the post event stor-
age trigger 1050 can be delayed until the physiological
parameter reaches a substantially steady state.
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Post Episode Data Collection Examples:

[0079] In Example 1, a system includes an implantable
medical device that includes a physiological data monitor, a
processor, a rolling memory buffer, a static memory buffer,
and memory. The physiological data monitor is configured to
monitor one or more physiological data parameters. The pro-
cessor is coupled to the physiological data monitor and con-
figured to detect an episode beginning condition and an epi-
sode ending condition. The episode beginning condition is
indicative of the beginning of a present pathological episode
and can be detected using a first physiological data parameter
monitored by the physiological data monitor. The episode
ending condition is indicative of the ending of the present
pathological episode. The rolling memory buffer is used to
continually store a fixed segment of a second physiological
data parameter monitored by the physiological data monitor.
The static memory buffer is configured to store a time seg-
ment ofa third physiological data parameter monitored by the
physiological data monitor based on a triggering event asso-
ciated with the detection of the episode ending condition. The
memory is configured to store data retained in the rolling
memory buffer when triggered by the episode beginning con-
dition. The memory is also configured to store data retained in
the static memory buffer and to associate the data retained in
the static memory buffer with the data retained in the rolling
memory buffer for later use by the implantable device or for
output to an external device.

[0080] In Example 2, the processor of Example 1 detects
the episode ending condition when the implantable medical
device delivers a therapy.

[0081] In Example 3, the static memory buffer of Example
2 is triggered to store data after a specified delay beyond the
time the episode ending condition is detect by the processor.
Inthis example, the specified delay can be therapy dependent.
[0082] In Example 4, the physiological data monitor of
Examples 1 canbe configured to monitor a fourth physiologi-
cal data parameter. In this example, the processor can be
configured to detect the episode ending condition when the
monitored fourth physiological data parameter meets a test.

[0083] In Example 5, the physiological data monitor of
Example 4 can be configured so that at least the first and the
fourth physiological data represent the same physiological
characteristic, and so that the monitored physiological char-
acteristic includes at least one of heart rate, electrogram mot-
phology, blood pressure, blood gas, blood chemistry, respi-
ration rate, atrial versus ventricular heart rate, or heart rate
stability.

[0084] InExample 6, the physiological data monitor of any
one of Examples 1-5 can be configured so that at least two of
the first, second, and third physiological data represent the
same physiological characteristic.

[0085] InExample 7, the physiological data monitor of any
one of Examples 1-5 can be configured so that at least two of
the first, second, and third physiological data represent a
different physiological characteristic.

[0086] InExample 8, the physiological data monitor of any
one of Examples 1-7 can be configured to monitor one or
more of: an electrocardiogram sensor, a heart rate sensor, a
heart sounds sensor, a pressure sensor, a blood gas sensor, an
electroneurogram sensor, a posture sensor, a respiratory sen-
sor, or a chemical sensor.

[0087] In Example 9, a method includes monitoring a first
physiological data parameter, detecting an episode beginning
condition, collecting a second physiological data parameter,
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detecting an episode ending condition, and collecting a third
physiological data parameter. In this example, monitoring the
first physiological data parameter is accomplished using an
implantable physiological data monitor. Detecting the epi-
sode beginning condition is accomplished using the moni-
tored first physiological data parameter. The episode begin-
ning condition is indicative of the beginning of a present
pathological episode. Collection of the second physiological
data parameter is triggered by detecting the episode begin-
ning condition. The second physiological data parameter can
be associated with detection of the episode beginning condi-
tion. The episode ending condition is indicative of the ending
of the present pathological episode. Collection of the third
physiological data is triggered by the detection of the episode
ending condition. The third physiological data parameter can
be associated with the detecting of the episode ending condi-
tion.

[0088] In Example 10, the episode ending condition of
Example 1 is detected when an implantable cardiac rhythm
management device delivers a therapy.

[0089] In Example 11, the collecting the third physiologi-
cal data of Example 10 is triggered after a specified delay
beyond the time the episode ending condition is detected. In
this example the specified delay can be therapy dependent.
[0090] In Example 12, the method of Example 9 can also
include monitoring a fourth physiological data using the
implantable physiological monitor. In this example, the epi-
sode ending condition can be detected when the monitored
fourth physiological data meets a test.

[0091] InExample 13, at least the first and the fourth physi-
ological data of Example 12 can represent the same physi-
ological characteristic. In this example, the monitored physi-
ological characteristic includes at least one of heart rate,
electrogram morphology, blood pressure, blood gas, blood
chemistry, respiration rate, atrial versus ventricular heart rate,
or heart rate stability.

[0092] In Example 14, at least two of the first, second, and
third physiological data parameters of any one of Examples
9-13 can represent the same physiological characteristic.
[0093] In Example 15, at least two of the first, second, and
third physiological data of any one of Examples 9-13 can
represent a different physiological characteristic.

Example External Device and Machine-Readable Medium

[0094] FIG. 11 is ablock diagram illustrating an example of
an external programming and diagnostic computer. The sys-
tem 1100 is a machine in the example form of a computer
system 1100 within which instructions, for causing the
machine to assist in the performance of any one or more of the
methodologies discussed herein, may be executed. In certain
examples, the machine operates as a standalone device or can
be connected (e.g., networked) to other machines. In a net-
worked deployment, the machine can operate in the capacity
of a server or a client machine in server-client network envi-
ronment, or as a peer machine in a peer-to-peer (or distrib-
uted) network environment. The machine can be a personal
computer (PC), a tablet PC, a set-top box (STB), a Personal
Digital Assistant (PDA), a cellular telephone, a web appli-
ance, a network router, switch or bridge, or any machine
capable of executing instructions (sequential or otherwise)
that specify actions to be taken by that machine. Further,
while only a single machine is illustrated, the machine can
include any collection of machines that individually or jointly
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execute a set (or multiple sets) of instructions to perform any
one or more of the methodologies discussed herein.

[0095] The example computer system 1100 includes a pro-
cessor 1102 (e.g., a central processing unit (CPU), a graphics
processing unit (GPU) or both), a main memory 1104 and a
static memory 1106, which communicate with each other via
a bus 1108. The computer system 1100 can further include a
video display unit 1110 (e.g., a liquid crystal display (LCD)
or a cathode ray tube (CRT)). The computer system 1100 also
includes an alphanumeric input device 1112 (e.g., a key-
board), a user interface (UI) navigation device 1114 (e.g., a
mouse), adisk drive unit 1116, an implantable medical device
interface 1118, and a network interface device 1120. The
implantable medical device interface can include a wired or
wireless data connection with an implantable medical device.
In an example, the implantable medical device (IMD) inter-
face allows information stored in the IMD to be downloaded
to the computer system 1100 for display or analysis. In an
example, the information downloaded from the IMD can be
displayed on the video display unit 1110. In another example,
the information downloaded can be processed by the proces-
sor 1102 prior to display on the video display unit 1110. In an
example, the IMD interface can also upload information,
including programming parameters for an implantable CRM
device, back into the IMD.

Machine-Readable Medium

[0096] The disk drive unit 1116 includes a machine-read-
able medium 1122 on which can be stored one or more sets of
instructions and data structures (e.g., software) 1124
embodying or utilized by any one or more of the methodolo-
gies or functions described herein. The instructions 1124 can
also reside, completely or at least partially, within the main
memory 1104 or within the processor 1102 during execution
thereof by the computer system 1100, the main memory 1104
and the processor 1102 also constituting machine-readable
media.

[0097] While the machine-readable medium 1122 can be
shown in an example embodiment to be a single medium, the
term ‘“machine-readable medium” can include a single
medium or multiple media (e.g., a centralized or distributed
database, or associated caches and servers) that store the one
or more instructions or data structures. The term “machine-
readable medium” can include any tangible medium that is
capable of storing, encoding or carrying instructions for
execution by the machine and that cause the machine to
perform any one or more of the methodologies of the present
application, or that is capable of storing, encoding or carrying
data structures utilized by or associated with such instruc-
tions. The term “machine-readable medium” can include, but
need not be limited to, solid-state memories, and optical and
magnetic media. Specific examples of machine-readable
media include non-volatile memory, including by way of
example semiconductor memory devices, e.g., Erasable Pro-
grammable Read-Only Memory (EPROM), Electrically
Erasable Programmable Read-Only Memory (EEPROM),
and flash memory devices; magnetic disks including internal
hard disks and removable disks; magneto-optical disks; and
CD-ROM and DVD-ROM disks.

Transmission Medium

[0098] The instructions 1124 can further be transmitted or
received over a communications network 1126 using a trans-
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mission medium. The instructions 1124 can be transmitted
using the network interface device 1120 and any one of a
number of transfer protocols (e.g., HTTP). Examples of com-
munication networks include a local area network (“LAN"”),
awide area network (“WAN), the Internet, mobile telephone
networks, Plain Old Telephone (POTS) networks, and wire-
less data networks (e.g., Wi-Fi and WiMax networks).
[0099] The above detailed description includes references
to the accompanying drawings, which form a part of the
detailed description. The drawings show, by way of illustra-
tion, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addition
to those shown and described. However, the present inventors
also contemplate examples in which only those elements
shown and described are provided.

[0100] All publications, patents, and patent documents
referred to in this document are incorporated by reference
herein in their entirety, as though individually incorporated
by reference. In the event of inconsistent usages between this
document and those documents so incorporated by reference,
the usage in the incorporated reference(s) should be consid-
ered supplementary to that of this document; for irreconcil-
able inconsistencies, the usage in this document controls.
[0101] In this document, the terms “a” or “an” are used, as
is common in patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is used
to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise
indicated. In the appended claims, the terms “including” and
“in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are
open-ended, that is, a system, device, article, or process that
includes elements in addition to those listed after such a term
in a claim are still deemed to fall within the scope of that
claim. Moreover, in the following claims, the terms “first,”
“second,” and “third,” etc. are used merely as labels, and are
not intended to impose numerical requirements on their
objects.

[0102] Method examples described herein can be machine
or computer-implemented at least in part. Some examples can
include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure an
electronic device to perform methods as described in the
above examples. An implementation of such methods can
include code, such as microcode, assembly language code, a
higher-level language code, or the like. Such code can include
computer readable instructions for performing various meth-
ods. The code may form portions of computer program prod-
ucts. Further, the code may be tangibly stored on one or more
volatile or non-volatile computer-readable media during
execution or at other times. These computer-readable media
may include, but are not limited to, hard disks, removable
magnetic disks, removable optical disks (e.g., compact disks
and digital video disks), magnetic cassettes, memory cards or
sticks, random access memories (RAMs), read only memo-
ries (ROMs), and the like.

[0103] The above description is intended to be illustrative,
and not restrictive. For example, the above-described
examples (or one or more aspects thereof) may be used in
combination with each other. Other embodiments can be
used, such as by one of ordinary skill in the art upon reviewing
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the above description. The Abstract is provided to comply
with 37 C.F.R. §1.72(b), to allow the reader to quickly ascet-
tain the nature of the technical disclosure. It is submitted 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 may be grouped
together to streamline the disclosure. This should not be inter-
preted as intending that an unclaimed disclosed feature is
essential to any claim. Rather, inventive subject matter may
lie in less than all features of a particular disclosed embodi-
ment. Thus, the following claims are hereby incorporated into
the Detailed Description, with each claim standing on its own
as a separate embodiment. The scope of the invention should
be determined with reference to the appended claims, along
with the full scope of equivalents to which such claims are
entitled.

1.-20. (canceled)
21. A system, comprising:
a physiological data monitor, configured to monitor one or
more physiological data parameters;
a processor, coupled to the physiological data monitor, the
processor configured to,
detect an episode predictor condition using a first physi-
ological data parameter monitored by the physiologi-
cal data monitor, wherein the episode predictor con-
dition is predictive of a possible future pathological
episode;

detect an episode beginning condition using a second
physiological data parameter monitored by the physi-
ological data monitor, wherein the episode beginning
condition is indicative of beginning of a present
pathological episode; and

determine that the episode predictor condition is associ-
ated with the present pathological episode.

22. The system of claim 21, wherein detecting the episode
predictor condition includes detecting that the first physi-
ological data parameter exceeds an episode predictor condi-
tion threshold but stays below an episode beginning condition
threshold.

23. The system of claim 22, where detecting the episode
beginning condition includes detecting that the second physi-
ological data parameter exceeds the episode beginning con-
dition threshold.

24. The system of claim 21, further including:

a static memory buffer configured to store a time segment
of a third physiological data parameter monitored by the
physiological data monitor when triggered by the detec-
tion of the episode predictor condition;

a rolling memory buffer used to continually store a fixed
segment of a fourth physiological data parameter moni-
tored by the physiological data monitor; and

a memory configured to store data retained in the static
memory buffer and the rolling memory buffer, when
triggered by the detection of the episode beginning con-
dition by the processor, for later use by the processor or
for output to an external device.

25. The system of claim 24, wherein, in response determin-
ing that the episode predictor condition is associated with the
present pathological episode, the processor is configured to
associate the data retained in the static memory buffer with
the data retained in the rolling memory buffer.

26. The system of claim 21, wherein the episode beginning
condition is different form the episode predictor condition.
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27.The system of claim 21, wherein the physiological data
monitor is configured to monitor one or more sensors, includ-
ing:

an electrocardiogram sensor;

a heart rate sensor;

a heart sounds sensor;

a pressure sensor;

a blood gas sensor;

an electroneurogram sensor;

a posture sensor;

a respiratory sensor; or

a chemical sensor.

28. The system of claim 27, wherein one or more of the
sensors are internal sensors.

29. The system of claim 27, wherein one or more of the
sensors are external sensors.

30. The system of claim 21, wherein determining that the
episode predictor condition is associated with the present
pathological episode includes determining that the episode
predictor condition occurred within a specified time period of
the present pathological episode.

31. The system of claim 21, wherein determining that the
episode predictor condition is associated with the present
pathological episode includes determining that the episode
predictor condition substantially persisted for a specified time
period until the episode beginning condition was detected.

32. The system of claim 31, wherein determining that the
episode predictor condition substantially persisted includes
detecting a period of time, between the initial detection of the
episode predictor condition and the detection of the episode
beginning condition, during which the episode predictor con-
dition is absent.

33. A system, comprising:

a physiological data monitor, configured to monitor one or

more physiological data parameters;
a processor, coupled to the physiological data monitor, the
processor configured to,
detect an episode predictor condition using a first physi-
ological data parameter monitored by the physiologi-
cal data monitor, wherein the episode predictor con-
dition is predictive of a possible future pathological
episode;

detect an episode beginning condition using a second
physiological data parameter monitored by the physi-
ological data monitor, wherein the episode beginning
condition is indicative of beginning of a present
pathological episode; and

determine that the episode predictor condition is associ-
ated with the present pathological episode, wherein
detecting the episode predictor condition includes
detecting that the first physiological data parameter
exceeds an episode predictor condition threshold but
stays below an episode beginning condition thresh-
old.

34. The system of claim 33, wherein the pathological epi-
sode is an arrhythmic episode.

35. The system of claim 33, wherein the physiological data
monitor is configured to monitor one or more of an internal
sensor and an external sensor.

36. The system of claim 33, further including:

a static memory buffer configured to store a time segment
of a third physiological data parameter monitored by the
physiological data monitor when triggered by the detec-
tion of the episode predictor condition;
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a rolling memory buffer used to continually store a fixed
segment of a fourth physiological data parameter moni-
tored by the physiological data monitor; and

a memory configured to store data retained in the static
memory buffer and the rolling memory buffer, when
triggered by the detection of the episode beginning con-
dition by the processor, for later use by the processor or
for output to an external device.

37. A method, comprising:

monitoring first physiological data using a physiological
monitor;

using the monitored first physiological data, detecting an
episode predictor condition predictive of a possible
future pathological episode;

responding to detecting the episode predictor condition by
collecting second physiological data associated with the
detecting of the episode predictor condition;

monitoring third physiological data using the physiologi-
cal monitor;

using the monitored third physiological data, detecting an
episode beginning condition indicative of a beginning of
a present pathological episode;
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responding to detecting the episode beginning condition by
collecting fourth physiological data associated with the
detecting of the episode beginning condition; and

determining that the episode predictor condition is associ-
ated with the present pathological episode.

38. The method of claim 37, wherein, in response to deter-
mining that the episode predictor condition is associated with
the present pathological episode, storing the collected second
physiological data in association with the fourth physiologi-
cal data.

39. The method of claim 37, wherein the physiological
monitor monitors one or more sensors, wherein one or more
of the sensors are external sensors.

40. The method of claim 37, wherein determining that the
episode predictor condition is associated with the present
pathological episode including determining that the episode
predictor condition occurred within a specified time period of
the present pathological episode.
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