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SYSTEMS AND METHODS FOR TREATING
CARDIAC ARRHYTHMIAS

CROSS-REFERENCES TO RELATED APPLICATIONS

This application claims the beuefit of U.S. Provisional Application No.
62/011,175, filed June 12, 2014, the complete disclosure of which is heren

meorporated by reference.

TECHNICAL FIELD

The present disclosure gencrally relates to systems, devices, and methods for
treating cardiac arrhythmias, and more particularly, to systems, devices, and methods
for detecting cardiac arrhythmias and delivering anti-tachycardia pacing (ATP)

therapy using a leadless cardiac pacemaker.

ACKGROUND

Pacing instruments can be used to treat paticnts suffering from various heart
conditions that may result v a reduced ability of the heart to deliver sufficient
amounts of blood to a patient’s body. These heart conditions may lead to rapid,
irregular, and/or imefficient heart contractions. To belp alleviate some of these
conditions, various devices {e.g., pacemakers, defibrillators, ete.) can be implanted in
a patient’s body. Such devices may monitor and provide electrical stimudation to the
heart to help the heart operate in a more normal, efficient and/or safe manner. In

some cases, a patient may have multiple iuplanted devices.

SUMMARY

The present disclosure generally relates to systems, devices, and methods for
treating cardiac arthythunias, and more particularly, to systoms, devices, and methods
for detecting cardiac arrhythmias and delivering anti-tachycardia pacing (ATP)
therapy using a leadless cardiac pacemaker.

In one exampie, a lcadless cardiac pacemaker (LCP) may include a housing,
one or more exposed electrodes, a battery, and a processing module. The processing
modude may be operatively coupled to the one or more exposed electrodes and the
battery. The processing module may be contigured to receive signals related to one or

more physiclogical conditions of the patient via one or more of the exposed
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clectrodes, detect an arrhythmia based, at least m part, on the received signals,

ctermine whether to deliver ATP therapy, deliver ATP therapy via one or more of
the exposed clectrodes if 1t is determined to deliver ATP therapy, and determiine
whether the delivered ATP therapy terminated the arrhythnua.

In another example, a method for delivering anti-tachycardia pacing (ATP)
therapy to a heart of a patient may include: veceiving signals related to one or more
physiological conditions of the patient at a leadless cardiac pacemaker (LCP) that is
configured to dehiver ATP therapy to the heart; the LCP detecting an arrhythmia
bascd, at least in part, on the received siguals; in response to detecting the arrhytlunia,
the LCP determining whether to deliver ATP therapy to the heart; after determining to
deliver ATP therapy, the LCP delivering ATP therapy to the heart; and after
delivering ATP therapy, the LCP determining whether the delivered ATP therapy
terminated the arrhythia.

In another example, a method for delivering anti-tachycardia pacing (ATP}
therapy to a heart of a patient may inchide: with a leadless cardiac pacemaker (LCP),
determining whether to deliver ATF to the heart of the patient in response to detecting
an arrhythmia, after determining to deliver ATP therapy, delivering ATP therapy with
the LCP to the heart of the patient, determining whether the delivered ATP therapy
terminated the arrhythimia, and if the delivered ATP therapy failed to terminate the
arrhythimia, delivering one or more defibrillation shocks to the heart of the patient via
an implantable medical device.

In yet another example, an tmplantable medical device system for delivering
anti-tachycardia pacing {ATP) therapy to a heart of a patient may inciude a leadicss
cardiac pacemaker (LCP) implanted in or proximate the heart of the patient, and
another  implantable  medical  device implanted within  the patient  and
communicatively coupled to the LCP. The LCP may be configured to sense cardiac
electrical signals and determine whether to deliver ATP therapy based at least in part
on the sensed cardiac electrical signals. The other implantable medical device may be
configured to deliver one or more defibrillation shocks to the heart of the patient in
response to receiving a trigger signal from the LCP.

Fn still another cxample, & method for delivering anti-tachycardia pacing
(ATP) therapy to a heart of a patient may inclode determyining an occurrence of an
arrhythimia with a leadless cardiac pacemaker (LCP) based at least in part on cardiac

events sensed by the LCP, determining whether to deliver ATP therapy to the heart of
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the patient by the LCP i response to the determined scowrrence of an archythmia,
delivering ATP therapy to the heart of the patient with the LCP after determining to
deliver ATP therapy to the heart of the patient with the LCP, after delivering ATP
therapy to the heart of the patient with the LCP, determining whether the delivered
ATP therapy terminated the arrhythmia, after determining that the delivered ATP
therapy failed to terminate the arthythmia, communicating a frigger message from the
LCP to an implantable cardioverter-defibrillator, and delivering one or wmore
defibrillation pulses with the implantable cardioverter-defibrillator afier receiving the
frigger message from the LCP.

Fn a fivst example, a leadless cardiac pacemaker (LCP) comprises @ housing,
one or more exposed electrodes, a power source; and 3 processing module, wherein
the processing modale is operatively coupled to the one or more exposed electrodes
and the power source, and wherein the processing module s configured to: receive
signals related t0 one or more physiological conditions of a paticot via one or more of
the exposed electrodes; detect an arrhythmia of a heart of the patient based, at least in
part, on the received signals; determine whether to deliver ATP therapy via one or
more of the exposed clectrodes in response to detecting an arthythmia; and deliver
ATP therapy to the heart via one or more of the exposed electrodes 111t 15 determined
to dehiver ATP therapy.

In a second ecxample, the LUP of the first examaple, wherein the processor 15
further configured to determine whether the delivered ATP therapy terminated the
arrhythmia.

In a third example, the LCP of the first example, wherein the processing
module is further configured to, afier determining that the delivered ATP therapy
failed to terminate the arrhythmia, conununicate a trigger message to a medical
device, wherein the medical device comprises one oft a leadiess cardiac pacemakes;
an implantable cardioverter-defibrillator; & subcutaneous implantable cardiovertor-
defibrillator; and an external cardioverter-defibriilator.

In a fourth example, a method for delivering anti-tachycardia pacing (ATP)
therapy to a heart of a paticut may comprise recciving signals related to one or more
physiclogical conditions of the patient at a leadless cardiac pacemaker (LCP) that is
configured to deliver ATP therapy to the heart; the LCP detecting an arrhythmia

based, at least in part, on the received signals; in response to detecting the arvhythmia,
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the LCP determining whether to deliver ATP therapy to the heart; and after
determining to deliver ATP therapy, the LCP delivering ATP therapy to the heart.

Fn a fifth example, the method of fourth example may further comprise after
delivering ATP therapy, the LCP determining whether the delivered ATP therapy
terminated the arrhythmia,

In a sixth example, any of the fourth or fifth examples may turther comprise:
if the LCP determines that the delivered ATP therapy failed to torminate the
arrhythimia, the LCP communicating a trigger message from the LCP to a medical
device, whergin in response 10 receiving the trigger message, the medical device
delivering one or more defibriliation shocks to the heart.

In 8 seventh example, the method of any of the fourth through sixth examples,
may further comprise after another medical device determines that the delivered ATP
therapy failed to terminate the arrhythmia, delivering one or more defibriliation
shocks to the heart with the another medical device.

In an eighth cxample, the method of any of the fourth through seventh
cxamples, wherein the signals received by the LCP include an ECG signal sensed by
the LCP.

In a ninth example, the method of the eighth example may firther comprise
processing the recctved ECG signal to identify one or more of an atrial rate parameter,
a ventricle rate parameter, 2 morphelogy parameter, a thythm parameter.

In a tenth example, the method of the ninth example, wherein the LCP, m
determining whether to deliver ATP therapy to the heart, determines if the ventricle
ratc parameter is above a predetermined threshold.

I an cleventh example, the method of any of the ninth through tenth
examples, wherein the LCP, in determining whether to deliver ATP therapy to the
heart, determines if the ventricle rate parameter is above a predetermined threshold
ndicating a high heart vate, and the thythm paramcter is above a predetermined
threshold indicating a sufficiently regular heart rhythm.

In a twelfth example, the method of any of the ninth through cleventh
cxamples, wherein the LCP, in determining whether to deliver ATP therapy to the
heart, determines if the morphology parameter indicates a monomorphic arrhythmia
and if the ventricle rate parameter is greater than the atrial rate parameter.

In a thirteenth example, the method of any of the cighth through twelfth

examples, wherein at least some of the reccived siguals are physioclogical signals
) 2 =4 5
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sensed by the LCP, and at least some of the received signals are signals
communicated to the LCP from another medical device.

I a fourtcenth cxample, the method of any of the fourth through thirtecnth
examples, wherein at least some of the received signals are physiclogical signals
sensed by the LCP, and at least some of the received signals are signals
communicated to the LCP from avother implantable device.

In a fificenth example, the method of the fourtcenth cxample, wheren the
another implantable device s an implantable sensor device that is in wircless
communication with the LCP.

I a sixteenth example, the method of any of the fourtecnth and fiftecnth
examples, wherein the different vuplantable device 15 a subcutaneous implantable
cardioverter-defibrillator that is in wireless commumication with the LCP.

In a seventeenth cxample, a methoed for delivering anti-tachycardia pacing
{ATP) therapy to a heart of a patient comprises: receiving sigoals related to one or
more physiclogical conditions of the patient at a leadless cardiac pacemalker (LCP}
that is configured to deliver ATP therapy to the heart; the LCP detecting an
arrhythmia based, at least in part, on the received signals; in response 1o detecting the
arrhythmia, the LCP determining whether to deliver ATP therapy to the heart; and
after determining to deliver ATP therapy, the LCP delivering ATP therapy to the
heart.

In an eighteenth example, the method of the seventeenth example, further
comprising: after delivering ATP therapy, the LCP determining whether the delivered
ATP therapy terminated the arrhythina.

I a nincteenth example, the method of any of the seventeenth and cighteenth
examples may further comprise if the LCP deternunes that the debivered ATP therapy
failed to terminate the arrhythmia, the LCP commaunicating a trigger message from
the LCP to a medical device, wherein in response to receiving the trigger roessage, the
medical device delivering one or more defibrillation shocks to the heart.

In a twenticth example, the method of any of the seventeenth through
ninctecnth examples may further comprise after another medical device determines
that the delivered ATP therapy failed to terminate the arrhythoda, delivering one or

more defibrillation shocks to the heart with the another medical device.
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In a twenty-first example, the method of any of the seventeenth through
twentieth examples, wherein the signals received by the LCP mclude an ECG signal
seused by the LCP.

In a twenty-second example, the method of twenty-first example, may further
comprise finther comprising processing the received ECG signal to identify one or
more of an atrial rate parameter, a veniricle rate parameter, a morphology parameter, a
rhythm parameter.

In a twenty-third example, the method of any of the twenty-first and twenty-
second examples, wherein the LCP, in determining whether {o deliver ATP therapy to
the heart, determines if the vemiricle rate parameter is above a predeternined
threshold.

In a twenty-fourth example, the method of any of the seventeenth through
twenty-third examples, wherein the LCP, in determining whether to deliver ATP
therapy to the heart, determines if the ventricle rate parameter is above a
predetermined threshold indicating a high heart rate, and the rhythm parameter is
above a predetermined threshold indicating 8 sufficiently regular heart rhythm.

f a twenty-fifth example, the method of any of the seventcenth through
twenty-fourth examples, wherein the LCP, in determining whether to deliver ATP
therapy to the heart, determines if the morphology parameter indicates a
monomorphic arrhytiunia and if the ventricle rate parameter is greater than the atrial
rate parameter

In a twenty-sixth example, the method of any of the seventeenth through
twenly-fifth cxamples, wherein at least some of the received siguals are physiological
signals sensed by the LCP, and at lcast some of the reccived signals are signals
communicated to the LCP from another medical device.

In a twenty-seventh coxample, an implantable medical device system for
delivering anti-tachycardia pacing (ATP) therapy to a heart of a patient comprises a
leadiess cardiac pacemaker (LCP) implanted in or proximate the heart of the patient;
and 3 medical device implanted within the patient and commumicatively coupled to
the LCP; wherein the LCP is configured to: sense cardiac electrical siguals; detormine
whether to deliver ATP therapy based at least in part on the sensed cardiac clectrical
signals; after determining to deliver ATP therapy based at least in part on the sensed

cardiac electrical signals, deliver ATP therapy to the heart of the patient; and wherein

N
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the medical device is configured to deliver one or more defibrillation shocks to the
heart of the paticnt.

 a twenty-cighth example, the system of the twenty-seventh example,
wherein the LCP, when determiming whether to deliver ATP therapy, determines
whether an arrhythmia having predetermined characteristics is present, and if present,
determines to deliver ATP therapy.

In a twenty-ninth example, the system of the twenty-seventh example, wherein
the LCP is further configured to determine whether delivered ATP therapy terminated
the arrhythmia, and if not, (o covumumicate 3 trigger signal o the medical device; and
wherein the medical device is configured to deliver one or more defibrillation shocks
to the heart of the patient in response o receiving the trigger signal from the LCP.

In a thirtieth example, the system of any of the twenty-seventh through
twenty-ninth  cxamples, wherein the medical device is further configured to:
determine whether delivered ATP therapy torminated the archythmia; and deliver one
or more defibrillation shocks to the heart of the patient in response to determining that
the dehivered ATP therapy failed to terminate the arrhythmia.

F e thivty-first exaople, the systern of any of the twenty-seventh through
thirticth examples, wherein: the medical device 1s further configured to sense cardiac
electrical signals and conmmonicate the sensed cardiac clectrical signals to the LCP;
and the LCP is contigured to determine to deliver ATP therapy based at least in part
on cardiac electrical signals sensed by the LCP and the cardiac electrical signals
comnunicated by the medical device.

In a thirty-sccond example, the system of any of the twenty-seventh through
thirty-first examples, wherein the LCP is further configured to communicate sensed
cardiac electrical signals to the medical device, and wherein the medical device is
configured o process the received cardiac electrical signals and communicate one or
more processed cardiac signals to the LCP.

In a thirty-third example, the system of any of the twenty-seventh through
thirty-second examples may further comprise an external support device, wherein the
LCP and implantable medical device are configured for intra-body communication,
and wherein the implantable medical device and external support device are
configured for extracorporeal communication, and wherein the tmplantable medical
device relays communications from the LCP to the external support device and

communications from the external support device to the LCP.
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In a thirty-fourth example, the system of the thirty-third example wherein the
communications comprise at icast onc of: LCP identification; LCP programming;
real-time data; and stored data.

In a thirty-fifth example, a method for delivering anti-tachycardia pacing
(ATP) therapy to a heart of a patient comprises determining an occurrence of an
arrhythimia with a2 leadless cardiac pacemaker (LCP) based at least in part on cardiac
events sensed by the LCP, determining whether to deliver ATP therapy to the heart of
the patient by the LCP i response to the determined scowrrence of an archythmia,
delivering ATP therapy to the heart of the patient with the LCP after determining to
deliver ATP therapy to the heart of the patient with the LCP, after delivering ATP
therapy to the heart of the patient with the LCP, determining whether the delivered
ATP therapy terminated the arrhythmia, after determining that the delivered ATP
therapy failed to terminate the arthythmia, communicating a frigger message from the
LCP to an implantable cardioverter-defibrillator, and delivering one or wmore
defibrillation pulses with the implantable cardioverter-defibrillator afier receiving the
frigger message from the LCP.

Fn & thirty-sixth example, 2 lcadless cardiac pacemaker (LCP) comprises a
housing; one or more exposed electrodes; a power source; and a processing module,
wherein the processing module 13 operatively coupled to the one or more exposed
electrodes and the power sowree, and wherein the processing module 1s configured fo:
receive signals related to one or more physiological conditions of a patient via one or
more of the exposed electrodes; detect an arrhythmia of a heart of the patient based, at
least in part, on the received signals; determine whether to deliver ATP therapy via
one or more of the exposed electrodes in response to detecting an arrhythinia; and
deliver ATP therapy to the heart via one or move of the exposed electrodes if it is
determined to deliver ATP therapy.

In a thirty-seventh cxample, the LCP of the thirty-sixth example, wherein the
processor is further configured to determine whether the delivered ATP therapy
terminated the arrhythmia,

In a thirty-cighth example, the LCP of any of the thirty-sixth and thirty-
sgventh cxamples, wherein the processing module is further configured to, after
determining that the debivered ATP therapy failed o terminate the arrhythmia,
comumunicate a trigger message to a medical device, wherein the medical device

comprises one oft a lcadless cardiac pacemsker; an implantable cardioverter-
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defibrillator; a subcutancous implantable cardioverter-defibrilator; and an external
cardioverter-deftbritlator.

Fn a thirty-ningh example, the LCP of the thirty-cighth example, whercin the
trigger message directs the medical device to deliver one or more defibrillation shocks
to the heart of the patient.

In 8 forticth cxample, the LCP of any of the thirty-sixth through thirty-ninth
exaniples, wherein the signals received by the LCP include an ECQG signal sensed by
the LCP.

In a forly-first cxample, the LCP of the forticth example, wherein the
processing module is further configured to process the received ECG signal to
wdentify one or more of an atrial rate parameter, a ventricle rate parameter, a
morphology parameter, a rhythim parameter.

In a forty-sccond example, the LCP of the forty-first example, wherein the
processing module, to determine whether to deliver ATP therapy to the heart, is
configured to determine if the ventricle rate parameter is above a predetermined
threshold.

F a forty- thivd example, the LCP of any of the forty-first and forty-second
examples, wherein the processing module, to determine whether fo deliver ATP
therapy to the heart, is configared to determine if the ventricle rate parameter 1§ above
a predetermined threshold indicating a high heart rate, and the vhython parameter is
above a predetermined threshold indicating a sufficiently regular heart rhythm,

In a forty-fifth example, the LCP of the forty-first example, wherein the
processing module, to determine whether to deliver ATP therapy, 18 configured to:
determing if the detected arrhythunia is monomorphic; and deterone if a detected rate
of ventricular contraction is greater than a detected rate of atrial contraction.

In a forty-sixth example, the LCP of any of the forty-fivst through forty-third
examples, wherein the processing module, to determine whether to deliver ATP
therapy to the heart, is configured to deternune if the morphology parameter indicates
a monomorphic arrhythmia and if the ventricle rate parameter is greater than the atrial
ratc parameter.

I a forty-seventh example, the LCP of any of the thirty-sixth through forty-
sixth examples, wherein the processing module 15 further configared to synchronize
delivery of ATP therapy to the heart with an R-wave of the ECG signal, and to deliver

a serics of pacing pulses at rate that is below the ventricular rate parameter.
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In the forty-cighth example, the LCP of any of the thirty-sinth through forty-
seventh cxamples, whercin at least some of the received signals are physiological
signals sensed by the LCP, and at lcast some of the received signals are sigoals
communicated to the LCP from a different implantable device.

In a forty-ninth example, the LCP of the forty-cighth example, wherein the
differeut implantable device is an implantable sensor device that is m wireless
cotmmunication with the LCP.

In a fifticth example, the LCP of the forty-ninth example, wherein the
implantable sensor device senscs one or more of the following: acceleration, blood
pressure, blood flow, and sounds.

In a fifty-fivst example, the LCP of the forty-eighth example, whercin the
different implantable device s a subcotancous implantable cardioverter-defibrillator
that 1s in wireless communication with the LCP.

The above summary 18 not intended to describe cach eraboediment or every
implementation of the present disclosure. Advantages and attaimments, together with
a morc complete onderstanding of the disclosure, will become apparent and
appreciated by referring to the following description and claims taken in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more completely understood 1n consideration of the
following description of varipus illustrative embodiments in connection with the
accompanying drawings, in which:

Figare 1 is a schematic block diagram of an illustrative leadless cardiac
pacemaker (LCP) according to one example of the present disclosure;

Figure 2 is a schematic block diagram of another illustrative medical device
that may be used in conjunction with the LOP of Figure |

Figure 3 is a schematic diagram of an cxeroplary medical system that inchudes
a leadless cardiac pacemaker (LCP) and/or other devices in communication with one
another;

Figure 4 is a schematic diagram of a systom including an LCP and another
medical device, in accordance with yet another example of the present disclosure;

Figure S is a schematic diagram of the a system tncluding multiple LCPs, in

accordance with another example of the present disclosure;

16
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Figures 6A-C are timing diagrams showing some illustrative electrical
stimulation protocols in accordance with an example of the present disclosure;

Figure 7 shows an illustrative timing diagram of clectrical stimulation pulses
delivered by a medical device m relation to a cardiac cycle, in accordance with an
example of the present disclosure;

Figure & s a flow diagram of an dllustrative method that may be implemented
by a medical device or medical device system, such as the ilustrative medical devices
and medical device systems described with respect to Figures 1-4; and

Figure 9 is a flow diagram of an illostrative method that may be implemented
by a medical device or medical device systern, such as the iHustrative medical devices
and medical device systems deseribed with respect to Figures 1-4.

While the disclosure is amenable {o various modifications and alternative
formas, specifics thercof have been shown by way of example in the drawings and will
be deseribed in detall, ¥ should be understood, however, that the miention is not 0
Hmit aspects of the disclosure to the particular llustrative embodiments described.
On the contrary, the intention is fo cover all modifications, cquivalents, and

alternatives falling within the spirit and scope of the disclosure.

DESCRIPTION

The following description should be read with reference to the drawings in
which similar clements in different drawings arc mumbered the same. The description
and the drawings, which are not necessarily to scale, depict illustrative embodiments
and are not intended to lumnit the scope of the disclosure.

A normal, healthy heart induces contraction by conducting infrinsically
generated electrical signals throughout the heart. These intrinsic signals cause the
muscle cells or tissue of the heart to contract. This contraction forces blood out of
and into the heart, providing circulation of the blood throughout the rest of the body.
However, many patients suffer from cardiac conditions that affect this contractility of
their hearts. For example, some hearts may develop diseased tissues that no longer
generate or conduct infrinsic electrical signals. In some cxamples, discased cardiac
tissues conduct electrical signals at differing rates, thereby causing an unsynchronized
and incfficient contraction of the heart. Tn other examples, a heart yway generate
intrinsic signals at such a low rate that the heart rate becomes dangerously low. In

stili other examples, a heart may generate electrical signals at an unusually high rate.

I
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In some cases such an abnormality can develop nto a fibrillation state, where the
contraction of the patient’s heart chambers are almost completely de-synchronized
and the heart pumps very little to no blood.

Figure 1 depicts an exemplary leadless cardiac pacemaker {LCP) that may be
mmplanted into a patient and may operate to prevent, control, or terminate cardiac
arrhythinias o pationts, for exampic by appropriatcly cmploying one or wmore
therapics, or other clectrical stbmulation therapics known o the art {c.g. anfi-
tachycardia pacing (ATP) therapy, cardiac resynchronization therapy (CRT),
bradycardia therapy, defibrillation puises, or the like). As can be seen in Figure 1,
LCP {00 may be a compact device with all components housed within LCP {00 or
directly on housing 120, As illustrated in Figure 1, LCP 100 may include elemetry
module 102, pulse gencrator modale 104, electrical sensing module 106, mechanical
sensing module 108, processing module 114, batiery 112, and ¢lectrodes 114,

Telemetry module 102 may be configured o conununicate with devices such
as sensors, other medical devices, or the like, that are located externally to LCP 100,
Such devices may be located cither exterual or iunternal to the patient’s body.
frrespective of the lecation, external devices (e external to the ECP 100 but not
necessarily external to the patient’s body) can communicate with LCP 100 via
telemetry module 102 to accomplish one or more desired functions. For example,
LCP 100 may communicaie sensed clectrical signals 10 one or more external medical
devices through telemetry module 102, The external medical devices may use the
communicated clectrical signals i delermining  occcurrences  of  arrhythmias,
delivering electrical stimulation thevapy, and/or perform other functions. LCP 100
may additionally receive scnsed clectrical signals from one or more external medical
devices through telemetry module 102, and LCP 100 may use the received sensed
electrical signals in determining cccwrrences of arrhythmias, debivering electrical
stirnulation therapy, and/or performing other functions. Telemetry module 102 may
be configured to use one or more methods for communicating with external devices.
For example, tclemetry wmodale 102 may communicate via radiofrequency (RF)
signals, inductive coupling, optical signals, acoustic signals, conducied
communication signals, or any other signals suitable for comuwmnication.  Some
lustrative conmununication techniques between LCP 100 and external devices will be

discussed in further detail with reference to Figure 5 below.
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In the example shown in Figure I, pulse generator modele 104 may be
clectrically commected to clectrodes 114, In some examples, LCP 100 may
additionally include clectrodes 1§47, fn such examples, pulse generator 104 may
additionally be electrically connected to electrodes 114°. Pulse generator module 104
may be configured to gencerate electrical stimulation signals. For example, pulse
generator module 104 may gencrate electrical stimulation signals by using cnergy
stored o battery 112 within LCP 100 and deliver the generated clectrical stimulation
signals via electrodes 114 and/or 114°. In at least some examples, pulse generator 104
of LCP 100 may further inclode switching circuoitry to selectively connect one or more
of electrodes 114 and/or 114 to pulse generator 104 in order to select via which
clectrodes 4114 (and/or other electrodes)

J

pulse generator 104 delivers the
electrical stimulation therapy. Pulse generator module 104 may generate electrical
stinmdation sigoals with particular features or in particelar sequences i order o
provide onc or oultiple of a number of different stimoulation therapies. For example,
pulse generator module 104 may be configured to generate electrical stimulation
siguals to provide clectrical stimulation therapy {o combat bradycardia, tachycardia,
cardiac  synchronization, bradycardia arthythouias, tachycardia  arthythmias,
fibrillation arrhythmias, cardiac synchronization avthythmias and/or any other suitable
electrical stimulation therapy.

In some exarples, LCP 100 may inchude clectrical sensing module 106, and in
some cases, mechanical sensing module 108, Electrical sensing module 106 may be
configured to sense the cardiac electrical activity of the heart. For example, electrical
seusing module 106 may be connected to clectrodes 114/114°, and clectrical sensing
module [06 may be configured to receive cardiac clectrical signals conducted through
electrodes 114/114°, For instance, the cardiac electrical signals may represent focal
information from the chamber in which LCP 100 is mmplanted. For instance, if LCP
100 is implanted within a veniricle of the heart, cardiac electrical signals sensed by
LCP 106 through electrodes 114/114° may represent ventricular cardiac electrical
signals. Mechanical sensing module 108 may inclade, or be electrically connected to,
one or more sensors, such as an accelerometer, a bloed pressure sensor, a heart sound
seusor, a blood-oxygen sensor, and/or other sensors which are configured to measure
one or more physiological parameters of the patient. Both electrical sensing module
136 and mechanical sensing module 108 may firther be comnected to processing

module 110 and provide signals representative of the sensed electrical activity or
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physiclogical parameters {o processing modude 110, Although described with respect
to Figure 1 as scparaic sensing modules, in some cases, clectrical seusing module 206
and mechanical sensing module 208 may be combivned inte a single sensing module.

Processing module 1190 can be configured to control the operation of LCP 100,
For example, processing module 110 may be configured to recetve clectrical signals
from electrical sensing module 110, Based on the received signals, processing
module 110 may determine, for example, occurrences and, in some cases, fypes of
arrhythonias.  Based on any determined arrhythmias, processing module 10 may
control pulse gencrator moduie 104 to generate electrical stimulation in accordance
with one or more therapics fo treat the determined archytiunia(s). Processing module
110 may further receive information from telemetry module 102, In some examples,
processing module 110 may use such received information to help determine whether
an arthythmia is ocourring, detormine a type of arrhythmia, and/or to take particular
action in response to the mformation. Processing module 110 may additionally
control telemetry module 108 to send information to other devices.

In some cxamples, processing module 110 may inchide a pre-programned
chip, such as a very-large-scale imtegration (VLS chip or an application specific
integrated circuit {ASIC). In such embodiments, the chip may be pre-progranuned
with control logic in order to control the operation of LCP 100, By using a pre-
programimed chip, processing module 10 may use less power than other
programmable circuits while able to mamtain basic functionality, thereby potentially
increasing the battery Hfe of LCP 100. In other examples, processing module 116
may include a programmable microprocessor. Such a programmable microprocessor
may aliow a user to adjust the control logic of LCP 100 even after tmplantation,
thereby allowing for greater flexibility of LCP 100 than when using a pre-
programmed ASIC. In some examples, processing module 110 may further inclode a
memory circuit, and processing module 110 may stere information on and read
information from the memory circuit. In other examples, LCP 100 may include a
separate memory ciregit (not shown) that is in commmmication with processing
module 110, such that processing module 110 may read and write information to and
from the separatc memory circuit.

Battery 112 may provide a power to the LCP 100 for its operations. In some
examples, battery 112 may be a non-rechargeable lithium-based battery. In other

examples, a non-rechargeable batlery may be made from othor suitable materials
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known in the art. Because LCP 100 is an implantable device, access to LCP 100 may
be linited after implantation. Accordingly, it is desirable to have sufficient battery
capacity to deliver therapy over a peried of freatment such as days, weeks, months,
years or decades. In other examples, battery 110 may a rechargeable Hthivm-based
battery, which may help increase the uscable lifespan of LCP 100,

As depicted in Figure 1, LCP 100 may inclade electrodes 114, which can be
secured relative to housing 120 but exposed to the tissuc and/or blood surrounding
LCP 100, In some cases, electrodes 114 may be generally disposed on either end of
LCP 100 and may be in clecirical communication with one or more of modules 102,
104, 106, 108, and 110, Eloctrodes 114 may be supported by the bousing 120, In
some examples, electrodes 114 may be connected to housing 120 only through short
connecting wires such that electrodes 114 are not divectly secured relative to housing
124,

In some examples, LCP 100 may additionally tnchude one or mwore clectrodes
1147, Electrodes 114”7 may be positioned on the sides of LCP 180 and may increase
the number of electrodes by which LCP 100 may sense cardiac clectrical activily,
deliver clectrical stimulation and/or communicate with an extersal medical device.
Electrodes 4 and/or 1147 can be made up of one or more biocompatible conductive
materials such as various metals or alloys that are known to be safe for implantation
within 2 human body. In some fostances, clectrodes 114 and/or 114° connected to
LCP 100 may have an insulative portion that clectrically isolates the electrodes 114
from adjacent electrodes, housing 120, and/or other materials.

To implant LCP 100 imside a patient’s body, an operator {e.g., a physician,
clinician, ctc.), may fix LCP 100 to the cardiac tissue of the pationt’s heart. To
facilitate fixation, LCP 100 may include one or more anchors 116, Anchor H6 may
inclade any one of 8 number of fixation or anchoring mechanisms. For example,
anchor |16 may include one or more pins, staples, threads, screws, helix, tines, and/or
the like. In some examples, although not shown, anchor 116 may include threads on
its external surface that may run along at least a partial length of anchor 116, The
threads may provide friction between the cardiac tissue and the anchor to help fix the
anchor 116 within the cardiac tissue. In other examples, anchor 116 may include
other structures such as barbs, spikes, or the ke to facilitate engagement with the

surrgunding cardiac tissue.
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Figure 2 depicts an example of another device, medical device (MD) 200,
which may be used in conjunction with LCP 100 of Figure 1 in order to detect and
treat cardiac arrhythnias and other heart conditions. In the example shown, MD 200
may inchide a telemetry module 202, a pulse generator module 204, an electrical
sensing modide 206, a mechanical sensing module 208, a processing module 210, and
a3 battery 218, Each of these modules may be similar to modules 102, 104, 106, 108,
and 110 of LCP 100. Additionally, battery 218 may be similar to battery 112 of LCP
100. In some examples, MD 200 may have a larger vohmne within housing 220, In
such cxamples, MD 200 may include a larger battery and/or a larger processing
module 210 capable of handiing more complex operations than processing module
110 of LCP 100,

While MI¥ 200 may be another leadless device such as shown in Figure 1, in
some instances MD 200 may inclodes lcads such as fcads 212, Leads 212 may
mnclude electrical wires that conduct clectrical signals between electrodes 214 and one
or more modoles located within housing 220, In some cases, leads 212 may be
connected to and extond away from housing 220 of MD 200, in some examples,
leads 2172 arc implanted on, within or adjacent to a heart of a pationt. Leads 212 may
contain one or more clectrodes 214 positioned at various locations on leads 212 and
varipus distances from housing 228, Some leads 212 may only inchude a single
electrode 214, while other leads 212 may include vwltiple electrodes 214, Generally,
electrodes 214 are positioned on leads 212 such that when feads 212 are implanted
within the patient, one or more of the electrodes 214 are positioned to perform a
desired function. In some cases, the one or more of the electrodes 214 may be in
contact with the patient’s cardiac tissue. I some cases, clectrodes 214 may conduct
ntrinsically generated clectrical signals to leads 212, e.g. signals representative of
ntrinsic cardiac clectrical activity, Leads 212 may, in trn, conduct the received
electrical signals 10 one or maore of the modules 202, 204, 206, and 208 of MD 200,
In some cases, MDD 200 may generate clectrical stimulation signals, and leads 212
may conduct the generated electrical stimnilation signals to electrodes 214, Electrodes
214 may then conduct the electrical signals to the cardiac tissuc of the patient.

White not required, in some cxamples MD 200 may be an implantable medical
device. In such examples, housing 220 of MD 200 may be implanted in, for example,
a transthoracic region of the patient. Housing 220 may generally inclade any of a

number of known materials that are safe for implantation in a human body and may,
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when mmplanted, hermetically seal the various components of MD 200 from fhiids and
tissues of the patient’s body.

T some cases, MD 200 may be an implantable cardiac pacomaker (ICP). In
this example, MD 200 may have one or more leads, for example leads 212, which are
mplanted on or within the patient’s heart. The one or more leads 212 may inclade
one or more electrodes 214 that are in contact with cardiac tissue and/or blood of the
patient’s heart. MD 200 may be configured 1o sense intrinsically generated cardiac
clectrical signals and determine, for example, one or more cardiac arthythmias based
on analysis of the sensed signals. MD 200 may be configured to deliver CRT, ATP
therapy, bradycardia therapy, and/or other therapy types via leads 212 joplanted
within the heart. {n some examples, MD 200 may additionally be configured provide
defibrillation therapy.

In some instances, MD 200 may be an implantable cardioverter-defibrillator
(ICH). In such examples, MD 200 may inclade one or more leads implanted within a
patient’s heart. MD 200 may alsc be configured to sense cardiac electrical signals,

ctermine occurrences of tachyarchythmias based on the sensed signals, and may be
configured to deliver defibrillation therapy in respense to determining an occurrence
of a tachyarrhythmia. In other examples, MDD 200 may be a subcutancous implantable
cardioverter-defibrillator (S-ICD). In examples where MD 200 s an S-1CD, one of
leads 212 may be a subcutancously implanted lead. To at least some examples where
MD 200 1s an S-1ICD, MD 200 may include only a single lead which is implanted
subcutanecusly, but this is not required.

In some examples, MDD 200 may not be an implantable medical device. Rather,
M 200 may be a device cxtomal fo the patierd’s body, and may melude skin-
electrodes that are placed on a patient’s body. In such examples, MD 200 may be
able to sense surface cloctrical signals (e.g. cardiac electrical signals that are
generated by the heart or clectrical signals generated by a2 device vmplanted within a
patient’s body and conducted through the body to the skin). In such examples, MD
200 may be configured to deliver various types of electrical stimulation therapy,
inchading for example defibrillation therapy.

I some cases, leads 212 may comtain owve or more sensors, such as
accelerometers, blood pressure sensors, heart sound sensors, blood-oxygen sensors,
and/or other sensors which are configured to measure one or more physiolegical

parameters of the heart and/or patient. To such exarpies, electrical and/or mechanical
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sensing module(s) 206, 208 may be in clectrical communication with leads 212 and
may recetve signals generated from such sensors.

Figares 3 and 4 show ilustrative medical device systems that may be
configured to operate according to techniques disclosed heretn. In Figure 3, an LCP
302 1s shown fixed to the interior of the left ventricle of the beart 310, and a pulse
generator 306 is shown coupled to a lead 312 having one or more clectrodes 30%a-
308c.  In some cases, the pulse gemerator 306 may be part of a subcutaneous
implantable cardioverter-defibrillator (8-1CD), and the one or more electrodes 303a-
308¢ may be positioned subcutaneously adjacent the heart, In some cases, the LCP
302 may couununicate with the subcutancous tmplantable cardioverter-defibritiator
(5-1CD).

In Figure 4, an LCP 402 15 shown fixed to the interior of the left ventricle of
the heart 410, and a pulse gencrator 406 is shown coupled to 3 lead 412 having one or
more electrodes 404a-404c. i some cases, the pulse generator 406 may be part of an
implantable cardiac pacemaker (JCP) and/or an implantable cardioverter-defibrillator
{1CD}, and the one or more electrodes 404a-404c may be positioned in the heart 410,
n some cases, the LCP 402 may comoowmicate with the implantable cardiac
pacemaker (ICP) and/or an implantable cardioverter-defibrillator (1CD).

The medical device systems 300 and 400 may also inchude ap external support
device, such as external support devices 320 and 420, External support devices 320
and 420 can be wvsed to perform fimetions such as device identification, device
programming and/or transfer of real-time and/or stored data between devices using
one or more of the communication techniques described herein.  As one example,
communication between external support device 320 and the pulse generator 306 is
performed via 2 wireless mode, and conununication between the pulse generator 306
and LCP 302 1s performed via a conducted mode. In some examples, conmuonication
hetween the LCP 302 and cxtornal support device 320 is accomplished by sending
communication mformation through the pulse generator 306, However, in other
examples, communication between the LCP 302 and external support device 320 may
be direct.

Additionaily, Figures 3-4 are only two cxamples of medical device systems
that may be configured 1o operate according to techniques disclosed herein. Other
example medical device systems may mehide additional or different medical devices

and/or configurations. For instance, other medical device systems that are sutable to
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operate according to techniques disclosed herein may include additional LCPs
implanted within the heart. in yet other examples, the configuration or placement of
the medical devices, leads, and/or electrodes may be different from those depicted in
Figures 3 and 4. It should be recognized that numerous other medical device systems,
different from those depicted in Figures 3 and 4, may be operated in accordance with
techniques disclosed herein. As such, the examples shown in Figures 3 and 4 should
not be viewed as luniting in any way.

Figare § illustrates an example of a wmedical device system and a
comnnunication pathway via which multiple medical devices may communicate. In
the example shown, medical device systern 300 may mchude LCPs 502 and 504,
external medical device 506, and other sensors/devices 510, External device 506 may
be any of the devices described previcusly with respect to MD 206, Other
sensors/devices S10 may also be any of the devices described previcusly with respect
to MD 200, In other examples, other sensors/devices 510 may include a sensor, such
as an accelerometer or blood pressure sensor, or the like. In still other examples,
other sensors/devices S10 may include an external programmer device that may be
used to program one or more devices of systom 500,

Various devices of system 500 may communicate via communication pathway
508, For example, LCPs 502 and/or 504 may sense intrinsic cardiac electrical signals
and may communicate such signals to one or more other devices 502/504, 506, and
510 of system 300 via commumnication pathway 308, In one example, one or more of
devices 502/504 may receive such signals and, based on the received signals,
determine an occurrence of an arrhythmia. In some cases, device or devices 502/504
may coromunicate such determinations to one or more other devices 506 and 510 of
system 500, Additionally, one or more of devices 502/304, 506, and 510 of system
500 may take action based on the commumnicated determination of an arrhythmia, such
as by dehvering a suitable eclectrical stivwmlation.  # is contemplated that
communication pathway 508 may conununicate using RF signals, inductive coupling,
optical signals, acoustic signals, or any other signals suitable for commumication.

In some cases, comununication pathway 508 communicates using conducted
communication.  Accordingly, devices of system 500 wmay have componeunts that
allow for such conducted conmmunication. For instance, the devices of system 500
may be configired to transmit conducted commenication signals (e.g. pulses) into the

paticnt’s body via one or more electrodes of a transmitting device, and may reccive
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the conducted communication signals {e.g. pulses) via one or more clectrodes of a
recciving device. The patient’s body may conduct the conducted communication
signals (e.g. pulses) from the one or more electrodes of the transmitting device to the
one or more electrodes of the recetving device in the system 500, In such examples,
the delivered conducted communication signals (e.g. pulses) may differ from pacing
or other therapy sigoals.  For example, the devices of system 500 may deliver
electrical conmmumication pulses at an amplitude /pulse width that is sub-threshold 1o
the heart. In some cases, the amplitude/pulse width of the delivered electrical
comnnunication pulscs may be above the capiure threshold of the heart, but may be
delivered during a refractory period of the heart and/or may be incorporated in or
modulated onto a pacing pulse, if desired.

In some cases, delivered electrical communication pulses may be modulated in
any suitable manner to encode conununicated mformation. In some cases, the
communication pulses may be pulse width modulated.  Altematively, or in addition,
the thime between pulses may be modulated to encode desired commumicated
information. In some cases, conducted communication pulses may be voltage pulses,
current pulses, biphasic veltage pulses, biphasic current pulses, or any other suitable
electrical pulse as desired.

As described above, one or more medical devices may cooperate to detect
cardiac arthythnias and deliver therapy. Although the descriptions below jnclude a
medical device system including LCP 100 and MD 200, it should be understood that
different medical device systems having different constituent parts may be
implemented.  For cxample, other medical dovice systems may include additional

evices, such as additional LCPs or MDs, Still other systems may nclude a fust
LCP, such as that described above with respect to LCP 100, and a sccond LCP that
additionally meludes an ability o deliver defibrillation therapy and/or ATP therapy.
Accordingly, the specific devices used in the description below are merely used as
examples of medical device systems that are suitable for implementing the described
techniques and should not be viewed as limiting the implementation of the described
techniques o only the specifically disclosed medical device systems.

I one example, a medical device system may ionclude an LCP device and
another MD implanted within a patient, such as LCP 100 and MD 200 described
above. In some examples, LCP 100 may autonomously determine when a cardiac

arrhythimia s occwrring.  For instance, LCP 100 may determing an occurrence of a
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cardiac arvhythmia, and m some cases, may deliver therapy without receiving
mformation or imstructions from another device, such as MD 200, In such an
example, LCP 100 may sense cardiac clectrical signals via its own electrodes 114,

Using the sensed cardiac electrical signals, LCP 100 may analyze the signals
to determine whether the patient is suffering from one or more cardiac arrhythmias,
such as tachyarrhythmia. LCP 100 may process the received cardiac clectrical signals
to determine a heart rate. LCP 100 may emiploy any nwuber of filtering processes to
help process the received cardiac electrical signals. LCP 100 may additionally
cmploy, for example, a peak detector or a QRS detector in order to help determine a
beat rate of the patient’s heart. In some cases, LCP 100 may compare the determined
beat rate to one or more thresholds. Based on whether the beat rate falls above or
below one or more of the thresholds, LCP 100 may determine that the patient is
suffering from a cardiac arhythmia. For example, if LCP 160 determines that the
heat rate is sbove a tachyarrhytlunia threshold, LCP 100 may determine that the
patient is suffering from a tachyarrhythmia. In some examples, the tachyarrhythmia
threshold may be 150 beats per minote (bpm), 165 bpm, 180 bpm, or any other
suitable beat rate. In another example, LCP may determine that the beat rate 1s below
a bradycardia threshold and, accordingly, may deternune that the patient is suffering
from bradycardia. In some examples, the bradycardia threshold is 60 bpm, 55 bpm,
50 bpm, or any other suttable beat rate.

In some examples, LCP 100 may additionally receive other signals
representative of the physiclogical condition of the patient, such as signals from
sensors connected, cither clectrically or communicatively, to LCP [0, For instance,
1LCP 100 may receive signals related to biood pressure, blood flow, acoustics, and/or
motion, to name a few. Tn such examples, LCP 100 may use these additional received
signals to help in determining occurrences of cardiac arthythmias. As one example,
LCP 100 may determine additional beat rateds) based on one or more of the received
blood pressure, blood tlow, acoustics, and motion signals. LCP 100 may compare the
one or more determined additional beat rate(s) with the beat rate determined based on
the cardiac clecirical signals. lIn situations where the one or more determined
additional beat rate(s) differ by 2 predetermoined margin from the beat rate detormined
based on the cardiac clectrical signals, LCP 100 may determine an average beat vate,
and use the average beat rate in comparisons to the thresholds. In other examples,

LCP 190 may use the slowest determined beat rate for comparison to the thresholds,
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or use a voting scheme to identify an appropriate beat rate. Such a voting scheme
may encompass determining a beat rate based on cach of the received signals and
choosing the mean or median beat rate. However, other voting schemes may be used.

In examples where LCP 100 bas determined that a beat rate is above the
tachyvarthythomia  threshold, idicating that the patient is suffering from a
tachyarrhiythmia, LCP 100 may determine to deliver ATP therapy to the patient. In
one cxample, if LCP 100 determoines that the beat rate is above a tachyarthythomia
threshold, but below a fibrillation threshold, LCP 104 may determine to dehiver ATP
therapy to the patient’s heart. 1 LCP 100 determines that the beat rate is above both
the tachyarrhythmia throshold asnd the fibnillation threshold, LCP 100 may
communicate a message innnediately to MD 200 to deliver a defibrillation pulse.

In other examples, after determining that the beat rate is above the
tachyarrhiythmia threshold, but below a fibrillation threshold, LCP 100 may also
determine whether the tachyarrhythmia is likely to be susceptible to ATP therapy
before determining to deliver ATP therapy. For example, LCP 100 may determine 2
regularity parameter based on the cardiac electrical signals. The regularity parameter
may he a measure of the regularity of the heart beats over time, and may be generated
by mounitoring the time between successive detected beats over a predetermined time
period.  If the regularity parameter is below a regolarity threshold (sufficiently
regular), LCP 100 may determing that the tachyarchythimia is likely to be susceptible
to ATP therapy, and may inifiate ATP therapy. If the regularity parameter is above
the regularity threshold (not sufficiently regudar), LCP 100 may determine that the
tachyarrhythinia is not likely to be susceptible (o ATP therapy, and LCP 106 may
communicate a message invmediately to MDD 200 to deliver a defibrillation pulse.

In some cases, LCP 100 may determine a morphology parameter for a
tachyarthythimia, for example, afier determining a beat rate above a tachyarrhythmia
threshold. The morphology parameter may indicate a difference in signal morphology
of detected QRS complexes relative to one or more morphology templates. If LCP
100 determines that the difference in signal morphology of detected QRS complexes
relative to the one or more morphology templates is greater than a morphology
threshold, L.CP 100 may determine that the tachyarrhythmia is likely to be susceptible
to ATP therapy, and may deliver ATP therapy. Although, in other examples, LCP
100 may determine to deliver ATP therapy if the morphology parameter is below the

morphology threshold, depending on the one or more morphology templates. In any
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case, if LCP 100 determines not to deliver ATP therapy, LCP may send a
comnnunication to MD Z0{ instructing MD 200 to deliver a defibriliation pulse.

Fn some mstances, LCP 100 may have access to both atrial cardiac clectrical
signals and ventricular cardiac electrical signals. For instance, LCP 100 may have
multi-sensing capabilities, where LCP 100 1s able to identify signals representative of
ventricular contraction and signals representative of afrial contraction. In other
exanples, LCP 100 may receive fnformation relating to contraction of other heart
chambers (e.g. heart chambers other than the heart chamber within which LCP 100 s
implanted) from one or more other devices, such as other LCPs or other medical
devices. When so provided, LCP 100 may determine whether the ventricular beat rate
1s greater tham the atrial beat rate. If LCP 100 deternyines that the ventricular beat rate
1s greater than the atrial beat rate, perhaps by a threshold amouont, the LCP 100 may
determine that the tachyarrhytbinia s hkely to be susceptible to ATP therapy, and
may initiate ATP therapy. If LCP 100 determings that the ventricular beat rate 15 not
greater than the atrial beat rate, perhaps by a threshold amount, the LCP 100 may
determine that the tachyarthythunia is not likely to be susceptible to ATP therapy, and
may conunumicate a message inunediately to MDD 200 to deliver a defibrillation pulse.

1 cases where the LCP 100 determines that the detected tachyarrhythmia is
likely to be sosceptible to ATP therapy, the LCP 100 may be configured to deliver
ATP therapy. In some cases, the LCP 100 may only determine to deliver ATP
therapy after determining that any two or all of the regularity parameter, the
morphology parameter, and the veniricular beat rate compared to the atrial beat rate,
indicate that the tachyarrhythmia is Hkely to be susceptible to ATP therapy. In still
other exaraples, LT 100 may use other parameters i helping to determining whether
the tachyarrhythmia is likely to be susceptible to ATP therapy.

After determining to deliver ATP therapy, LCP 100 may deliver ATP therapy
to the paticot’s heart. Afier delivering the ATP therapy, LCP 100 may determine
whether the therapy terminated the tachyarrhythmia, If the ATP therapy terminated
the ATP therapy, LCP 100 may return to a monitoring status, looking for fugther
arrhythmiazs, If LCP 100 determines that the ATP therapy did not torminate the
tachyarthythonia, LCP 100 vay send 2 covvoumication (e.g. trigger) to MD 200
mstructing MD 200 to dehiver a defibrillation pulse i ovder fo attempt to terminate
the tachyarthythmia. Alematively, LCP 100 may send a commumication to another

LCP such that the other LCP might also attempt ATP as delivering ATP at a didforent
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cardiac sitc might terminate the tachyarrhythmia. In situstions where LCP 100
determines that the tachyarrhythmia is likely not susceptible to ATP therapy, LCP 100
may not deliver ATP therapy but instead send a covvoumication to MD 200
mstructions M3 200 to deliver a defibrillation pulse.

In some cases, LCP 100 may use prior ATP success or faihme as criteria for
determining whether to deliver ATP therapy. For example, LCP 100 may identify a
tachyarrhythmia according to a vumber of parameters, such as beat tate, signal
morphology, differing rates between atrial contraction and ventricular contraction, as
cxplained in more detail below. I tachyarthythmias identified with similar
parameters were successfully terounated via ATP during past tachyarrhythmias, then
LCP 100 may determine to deliver ATP. However, if tachyarvhythmias identified
with similar parameters were not swccessfully terminated via ATP during past
tachyarrhiythmias, then LCP 100 may detormine not to deliver ATP. Tastead LCP 100
may send a cormmunication {c.g. trigger) to MD 200 mstructing MD 200 to deliver a
defibrillation pulse in order to aticrmpt to terminate the tachyarrhythmia.

In some examples, LCP 100 may send 8 communication to MD 200 to begin
charging ovne or more capaciters of the MD 200 in preparation for delivering a
defibriflation pulse before commumnicating an nstruction to deliver the defibrillation
pulse. For instance, in some systems, # may take MD 200 a number of seconds to
charge one or more capacifors for dehvering a defibrillation pulse from the thue MD
200 receives mstructions to deliver a defibrillation pulse. Accordingly, LCP 100 may
send a commumication to MD 200 instructing MD 200 to begin charging one or more
capacitors after determining an occurrence of tachyarrhythmia and: (1} while
delivering ATP therapy; and/or (2) before determining whether the tachyarchythimia is
fikely to be susceptible to ATP therapy. After delivering ATP therapy and
determining that the ATP therapy was onsuceessful, the LCP 100 may be configured
to comummnicate 3 message to MD 200 to deliver a defibrillation pulse. in such
examples, MD 200 may deliver a defibrillation pulse more quickly after receiving a
message to deliver a defibrillation pulse than in examples where LCP 100 does not
previously comimunicate a message to begin charging the one or more capacitors of
the MD 200.

in still other examples, LCP 100 may send a message to MD 200 to deliver &
defibrillation pulse after determining an occurence of a tachyarrhythinia but before

LCP 100 determines whether the tachyarrhythimia s likely to be susceptible to ATP
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therapy. The LCP 100 may then determuine whether the tachyarrhythmia s likely to

¢ susceptible to ATP therapy, and if so, delivering ATP therapy. If the delivered
ATP therapy is determined 10 be successful in torminating the tachyarchythoua, the
LCP 100 may send a second message to MD 200 instructing the MD 200 to terminate
the delivery of the defibrillation pulse. Since the time to charge the one or more
capaciiors of the MD 200 may take longer than determining whether the
tachyarrhythmia is tikely to be susceptibie to ATP therapy, and if so, delivering the
ATP therapy, the second message may terminate the defibrillation polse before it is
actually delivered by MD 206, However, in situations when delivery of a
defibrillation pulse is actually required, the time between when the LCP 160
determines that the tachyarrhythmia is not hikely to be susceptible 1o ATP therapy or
when delivery of ATP therapy is determined to not be successful in terminating the
tachyarrhiythmia and when the defibrillation pulse is actually dehivered may be
reduced.

When LCP 100 does deliver ATP therapy, one ATP therapy protocol may
inchude delivering electrical stimulation pulses to the heart at a rate that is faster than
the intrinsically geonerated heart rate sigoals. Although this meay teoporarily cause the
heart to beat faster, such a stimulation protocol may cause the heart to confract in
response to the delivered pacing pulses as opposed to the intrinsically generated
signals. The ATP therapy protocol may then slow down the rate of the delivered
pacing pulses, or discontinue delivery of pacing pulses, thereby reducing the heart rate
io a lower, safer level,

In some exampics, the ATP therapy protocol may include delivery of electrical
stimulation pulscs at a consistent rate over a predetermined peried of thme or for a
predetermined number of pulses. Tigure 6A depicts such a protocol with electrical
stinmudation pulscs 602 delivered at evenly spaced intervals 604. In some imstances,
the ratc may be doterovined as a fraction of the beat rate (and in some examples,
specifically, the ventricular beat rate). In other examples, the ATP therapy protocol
may inclode delivery of electrical stimmlation pulses at differing rates over a
predetermined period of time.  For example, LCP 100 may deliver a number of
clectrical stimulation pulses at a first vate for a first period of time, and at 2 second
rate for a second peried of time. In another example LCP 100 may deliver electrical
stimudation pulses at an ever decreasing interval for 8 predetermined period of time.

Figure 6B depicts 3 protocol with electrical stimulation pulses 606 being delivered at
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a first interval rate 608 followed by a second interval rate 610, In other examples, the
ATP therapy protocol may include delivery of one or more serics of clectrical
stimulation pulses with breaks betwoeen the series. Figure 6C depicts an exampie of
such a protocol with electrical stimulation pulses 612 being delivered in a series of
three pulses, with breaks 614 between each series of three pulses. In some cases,
during breaks 614, LCP 100 may determine whether a detected tachyarthythmia bas
boen terminated.  If the tachyarrhythmia has not been torminated, LCP 100 vay
continue to deliver electrical stimnilation pulses according to the protocol for a period
of time. If the tachyarthythinia has terminated, LCP 100 may ceasc dehivery of the
ATP therapy. I is contemplated that ATP therapy protocels may mnclude features
from any combination of those depicted in Figures 6A-6C. However, it should be
recognized that the ATP therapy protocols shown in Figures 6A-6C are only
illustrative, and it is contemplated that any suitable ATP therapy protocol may be
used.

In some cases, LCP 100 may use a particular ATP therapy protocol based on
the regularity parameter, the morphology parameter, whether the ventricular beat rate
is greater than the atrial beat rvate, and/or any other suitable paramecter(s). For
mstance, if LCP 100 determines that the regularity parameter indicates that the
tachyarrhythomia is lkely to be susceptible to ATP therapy, but the other indicators do
not indicate that the tachyarrhythmia is Hikely 1o be susceptible to ATP therapy, LCP
100 may deliver ATP therapy according to a first ATP therapy protocol. In other
sttuations where LCP 106 determines that the morphology parameter indicates that
the tachyarrhythmnia is likely to be susceptible to ATP therapy, but the other indicators
do not, LCP 100 may deliver ATP therapy according to a sccond ATP therapy
protocol. These are just two examples.  In other examples, LCP 100 may nclade
logic to determine which of a mumber of possible ATP therapy protocels to use in
TESPOnse 1o various parameters.

LCP 100 may be preprogrammed with specific logic and therapy protocols.
However, in other examples, LCP 100 may receive specific ATP therapy protocols,
sometimes downloaded from MD 200 using the communication pathway 508, Aside
from the rate or specific sequence of delivering electrical stimulation pulses, an ATP
therapy protocol may specify parameters for the electrical stimulation pulses, such as
voltage/current amplitude, pulse width, pulse train length, pulse spacing, coupling

interval and/or other parameters. Although, in some examples, such paramcters may
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be separate from the ATP therapy protocols. For example, LCP 100 may be
preprogrammed with a number of ATP therapy protocol templates that define the
ATP therapy protocol, but can be tailored via one or more parameter values, such as
voltage/current amplitude, pulse width, pulse train length, pulse spacing, and/or other
parameters. In such cases, the parameter values may have default vabies, which in
some cases, may be replaced with different parameter values that are comumunicated
to the LOP 100 from the MD 200,

Moregver, it 15 contemplated that the LCP 100 may determine whether the
tachyarrhythmia is likely {0 be susceptible to ATP therapy based on a number of
parameters.  fo some cases, these parameters may depend on the particular ATP
therapy that is to be applied. 1t is contemplated that these parameter values may also
have default values, which in some cases, may be replaced with different parameter
vahes that are conununicated to the LCP 100 from the MD 200. In some cases, these
parameters may be part of an ATP therapy protocol, or may be separate from the ATP
therapy protocol.

In some casecs, when delivering electrical stimulation pulses of an ATP
therapy, LOP 100 may time the clectrical stimwlation pulses based on the timing of
the detected QRS complexes. For instance, as depicted in Figure 7, QRS waves 704
may beused to identify the cardiac cycle of the heart. Generally, a heart 13 not able to
contract in response o clectrical stivmlation just after a contraction of the heart (ie.
during a refectory period). After a cerfain time passes following a contraction, the
cells of the heart may again be contracted in response to clectrical stinnslation.
Accordingly, in order to deliver clectrical stimulation therapy with a higher chance of
causing a contraction of the heart or a high chance of tormimating ao archythimia, LCP
100 may wait to deliver electrical stinuslation pulses until after the refractory period
expires. In the example shown in Figure 7, after LCP 100 senses a QRS wave 704 at
time 706, LCP 100 may wait a predefined time period 710, known in the art as a
coupling interval, before delivering an electrical stimulation pulse 702 at time 708,
Time period 710 may be predefined such that electrical stisnulation pulse 702 oceurs
during a non-refractory period of the heart {or at some other time that has a greater
tikelihood of terpunating an arrhythoyia).  As such, LCP 100 may synchromize the
ATP therapy relative to a sensed QRS complex. In some examples, LCP 100 may
continue to deliver electrical stimulation pulses 702 at tutervals 710 after detection of

QRS complexes. However, in other exampies, the interval between subsequent
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delivered electrical stimolation pulses 702 may be different than imterval 710, In
some examples, after stimulation pulse 702 at time 708 is delivered, subscquent
stimulation pulses are delivered without regard to sensed QRS complexes.

In some cases, the LCP 100 may autonomously detect cardiac arrhythmias and
apply ATP therapy if appropriate, independently of the MD 200. In other cases, there
may bec some cooperation between the LCP 100 and MD 200 o detect cardiac
arthythinias and deliver appropriate ATP therapy to the heart. For example, LCP 106
may receive information from MD 200 and/or LCP 100 may send information to MD
200. In some cascs, MD 200 may make one or more determinations in order to detect
cardiac arthythmias and/or to apply ATP therapy if appropriate.  As on example, MD
200 may determine occurrences of cardiac arrhythiias and, after determining an
gecurrence of a cardiac arvhythmia, may notify LCP 100 of the arthythmia. LCP 106
may then determing whether the arrhythmia may be susceptible to ATP therapy and, if
so, may deliver ATP therapy. FEither device may then determine whether any
delivered ATP therapy was successful in terminating the arrhythimia. In the case of
LCP 160 determining that the ATP therapy was not successful in terminating the
arthythnia, LCP 100 may communicate a trigger message to MD 200 to dehiver
defibrillation therapy. In the case where MD 200 determines that ATP therapy was
not successful in terminating the arrhythmia, MD 200 may determine to debiver
defibrillation therapy.

In examples where LCP 100 and MDD 200 cooperate, MD 200 may sense
cardiac electrical signals and may communicate the received cardiac electrical signals
to LCP 100, In other cxamples, MD 200 may scnd an indication of times when MD
200 semsed a peak or QRS complex in the cardiac electrical sigoals.  From such
received communications, LCP 100 may generate a beat rate. In other examples, MD
200 may determine a beat rate based on the cardiac electrical signals and only
communicaie the determined beat rate to LCP 100, LCP 100 may incorporate this
received beat rate along with a locally generated beat rate in determining occurrences
of arrhythmias. For example, LCP 100 may compare a received beat rate to a locally
generated beat rate to confirm the beat rate, and compare the confirmed beat rate to
one more beat rate thresholds. In some cases, the LCP G0 may use the slowest beat
rate of the received beat rate and a locally generated beat vate, for comparison to the
gne or more beat rate thresholds. In some cases, these received cardiac clectrical

signals, received beat rate, and/or other received information may ropresent
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information that is not readily available to the LCP 100, such as atrial cardiac
ciectrical signals, airial beat rate, cte.  In such examples, LCP 100 may be able to
determine whether the ventricular beat rate is greater than the atrial beat rate to
determine whether a tachyarrhythmia is likely to be susceptible to ATP thevapy., MD
200 may send other signals or information as well, sach as blood flow, blood
pressure, acoustic information (e.g. heart sounds), and/or accelerometer imformation.
MD 200 may comanunicate these additional signals to LCP 100, and LCP 100 may be
configured to corporate such mformation in determining cecvrrences of arthythmias
and/or whether an arrhythmia is likely to be suscepiible to ATP therapy.

Fn some instances, LCP 100 may sond information to MD 200. For example,
LCP 100 may communicate sensed cardiac electrical signals to MD 200, MD 200
may process such recetved signals and send the processed signals back to LCP 100
In some cases, MD 200 may determine a beat rate based on the cardiac electrical
signals received from LOP 100 and communicate the beat rate 1o LCP 100, LCP 100
may still determine securrences of arvhythmias. However, some cases, MD 200 may
make a determination as to the occwrences and/or types of arrhythmias.

Fn some cases, MDD 200 may perform 2 susceptibility analysis on the cardiac
clectrical signals received from LCP 100 and communicate results to LCP 100, For
example, MD 200 may determine a regularity parameter and determine whether the
regularity parameter mdicates that an arthythmia is likely to be susceptible 1o ATP
therapy. MD 200 may communicate this determination to LCP 100, In a similar
manner, MD 200 may determine a morphology parameter and, if applicable,
determine whether a ventricular beat rate is greater than the atrial beat rate. In such
examples, LCP 100 may determine whether a tachyarrhythmia is likely to be
susceptible to ATP therapy based at least in part on the received determinations of the
MDD 206, However, in some cases, MD 200 may make a deteninination as whether an
arthythimia is likely to be susceptible to ATP thorapy, and may deliver that
determination to the LCP 100,

In some cases, MD 200 may determine on s own whether ATP therapy
delivered by LCP 100 was successfil in terminating the tachyarrhythmia, In one
example, LCP 100 may not commuunicate a message to MD 200 to deliver a
defibrillation shock or an indication that the ATP therapy has failed. Rather, MD 200
may monitor the ATP therapy and determine on its own whether the ATP therapy has

succecded of not in terminating the tachyarrhythinia.  Although LCP 100 may not
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cominunicate a trigger message to MD 200, LCP 160 may communicate a message
that LCP 100 is about to, or has, performed ATP therapy. It MD 200 determines, for
cxample afier a predetermined period of time, that the ATP therapy has not terminated
the tachyarrhythmia, MD 200 may determine to deliver a defibrillation shock, In
sther examples, MD 200 may receive a confirmation from LCP 100 that LCP 100 has
also determined that the ATP therapy has failed to terminate the arrhythmia or that
LCP 1006 is finished attempting ATP therapy.  In some examples, MD 200 may
cominumicate an indication that it will deliver a defibrillation shock to LCP 100,

Figure 8 is a flow diagram of an illostrative method that may be implemented
by an implantable medical device, such as shown in Figures 1 and 2, or a medical
device system such as shown in Figures 3 and 4. Although the method of Figure 8
will be described with respect to LCP 100, the llustrative method of Figure & may be
performed using any suttable medical device or medical device system.

In some instances, a first implantable medical device, for instance LCP 100,
may be implanted in a first chamber of a heart, such as an atrivm or ventricle, and
may receive signals related to one or more physiological conditions of g patient. The
received signals may be signals received at the one or more clecirodes of the LCP
100, The received signals may be physiological signals directly sensed by the one or
more clectrodes of the LCP 100, and/or signals commuunicated to the LCP from
another medical device, such as MD 200,

The LCP 100 may also be contigured to deliver ATP therapy to the heart, as
shown at 802. LCP 100 may detect an arthythmia based, at least in part, on the
reccived signals, as shown at 804, In response to detecting an archythunia, LCP 100
may determine whether to deliver ATP therapy to the heart, as shown at 806, Finally,
after determining to deliver ATP therapy, LCP 100 may deliver ATP therapy to the
heart, as shown at 808,

Figure 9 is a tlow diagram of an ilustrative method that may be implemented
by an implantable medical device, such as shown in Figiwes | and 2, or a medical
device system such as shown i Figures 3 and 4. Although the method of Figure 8
will be described with respect to LCP 100, the ithustrative method of Figure 9 may be
performed by any suitable medical device or medical device system.

In some examples, a first toplantable medical device, for instance LCP 100,
may determine whether to deliver ATP to the heart of a patient in response to

detecting an archythmia, as shown at 902, After determining to deliver ATP therapy,
g 3 > g 1)
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LCP 100 may deliver ATP therapy io the heart of the patient, as shown at 804, LCP
100 may detormine whether the delivered ATP therapy terminated the arrhythmia, as
shown at 906. I the delivered ATP therapy failed to terminate the arrhytinnia,
another medical device, for example MD 200, may deliver one or more defibrillation
shocks to the heart of the patient, as shown at 908.

Those skiiled in the art will recognize that the present disclosure may be
manifested i a variety of forms other than the specific cxamples described and
contemplated herein, For instance, as described herein, varicus examples include ong
or more modules described as performing various functions. However, other
cxamples may wnelade additional modules that split the described functions up over
more modules than that described herein.  Additionally, other examples may
consohidate the described functions into fewer modules, Accordingly, departure in
form and detail may be made without departing from the scope and spirit of the

prosent disclosure as described in the appended claims.
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What is claimed 1s:

L. A leadiess cardiac pacemaker (LCP) conprising:
a housing;
one or more exposed electrodes;
a power source; and
a processing module, wherein the processing module is operatively coupled 1o
the one or more exposed electrodes and the power source, and wherein the processing
module is configured to:
recetve signals related to one or more physiological conditions of a
patient via one or more of the exposed electrodes;
detect an arthythmia of a heart of the patient based, at least in part, on
the received sigoals;
determaine whether to deliver ATP therapy via one or more of the
exposed electrodes i response to detecting an arrhythmia; and
deliver ATP therapy to the heart via one or more of the exposed

electrodes if it 18 determined to deliver ATP therapy.

2 The LCP of elaim 1, wherein the processor is further configured to

determine whether the delivered ATP therapy terounated the arrhythnia.

3. The LCP of any one of claims 1-2, wherein the processing module is
further configured to, after determining that the delivered ATP therapy failed to
terminate the archythinia, convounicate a trigger message 10 & medical device,
wherein the medical device comprises one of:

a leadicss cardiac pacemaker;

an implantable cardioverter-defibrillator;

a subcutaneous implantable cardioverter-defibrillator; and

an external cardioverter-defibrillator.

4, The LCP of clatin 3, wherein the trigger message divects the medical
=)

deviee to deliver one or more defibrillation shocks to the heart of the patient.
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5. The LCP of any one of claims 1-4, wherein the signals received by the

LCP include an ECG signal sensed by the LCP,

5. The LCP of claim 5, wherein the processing module is further
configured to process the received ECG signal to identify one or more of an atrial rate

parameter, a ventricle rate parameter, 8 morphology parameter, a rhythm parameter.

7. The LCP of claim 6, wherein the processing module, to determine
whether to deliver ATP therapy to the heart, is configured to determine if the ventricle

ratc parameter is above a predetermined threshold.

5. The LCP of any one of claims 6-7, wherein the processing module, to
determine whether to deliver ATP therapy to the heart, is configured to determine if
the veniricle rate parargeter is above a predeterndned threshold indicating 2 high beart
rate, and the rhythm parameter is above a predetermined threshold indicating 2

sufficiently regular heart rhythin,

9. The LCP of claim 6, wherein the processing module, to determine
whether to deliver ATP therapy, is configured to:

determine if the detected arrhythmia is monomorphic; and

determine if a detected rate of ventricular contraction is greater than a detected

rate of atrial contraction.

10, The LCP of any one of claims 6-8, wherein the processing module, 1o
determine whether to deliver ATP therapy to the heart, 15 configured to determine if
the morphology parameter indicates a monomorphic arrhythmia and if the ventricle

rate parameter is greater than the atrial rate parameter.

i1, The LCP of any one of claims 1-10, wheren the processing module is
further configured to synchronize delivery of ATP therapy to the heart with an R-
wave of the ECG signal, and to deliver a series of pacing pulses at rate that is below

the ventricular rate parameter.
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12, The LCP of any one of claims 1-11, wherein at least some of the
received signals are physiological signals sensed by the ECP, and st least some of the
received signals are signals communicated to the LCP from a different implantable

device,

i3. The LCP of claim 12, wherem the different implantable device is an

implantable scusor device that is in wireless communication with the LCP.

14.  The LCP of claim 13, whercin the traplantable sensor device senses

one or more of the following: acceleration, blood pressure, blood flow, and sounds.
Is. The LCP of elaim 12, wherem the different implaniable device is a

subcutancous implantable cardioverter-defibrillator that is in wireless communication

with the LLCP.
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