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DETERMINE AN OCCURRENCE OF AN ARRHYTHMIA }_/

WITH A LEADLESS CARDIAC PACEMAKER (LCP),
DETERMINE WHETHER THE ARRHYTHMIA IS
SUSCEPTIBLE TO ANTI-TACHYCARDIA PACING (ATP)

T
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WITH A MEDICAL DEVICE THAT IS SPACED FROM THE

LCP AND COMMUNICATIVELY COUPLED TQ THE LCP,
INITIATE A SHOCK THERAPY PROGRAM
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WITH THE LCP, IF THE ARRHYTHMIA IS DETERMINED TO
BE SUSCEPTIBLE TQ ATP THERAPY, MODIFY THE
SHOCK THERAPY PROGRAM OF THE MEDICAL DEVICE

FIGURE 13

a heart of a patient may comprise a leadless cardiac pacemaker (LCP) im-
planted within a heart of a patient and configured to determine occurrences of
cardiac arrhythmias, a medical device configured to determine occurrences of
cardiac arrhythmias and to deliver defibrillation shock therapy to the patient,
wherein the LCP and the medical device are spaced from one another and
communicatively coupled, and wherein atter the LCP determines an occur-
rence of a cardiac arrhythmia, the LCP is configured to modify the defibrilla-
tion shock therapy of the medical device.
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SYSTEMS AND METHODS FOR TREATING
CARDIAC ARRHYTHMIAS

Cross-Reference to Related Applications

This application clatms priority under 35 US.C. §119 10 U.S. Provisional
Apphication Serial No. 62/023,601, filed July 11, 2014, the entirety of which is

meorporated herein by reference.

TECHNICAL FIELD

The present disclosare generally relates to systems, devices, and methods for
treating cardiac arrhythmias, and more particularly, to systems, devices, and methods

for detecting cardiac arrhythmias and coordimating therapy between mmltiple devices.

BACKGROUND

Pacing instromends can be used to treat patients suffering from varicus heart
conditions that may result in a reduced ability of the heart to deliver sufficient
amovnts of blood to a patient’s body. These heart conditions may lead to rapid,
wregular, and/or inefficient heart contractions. To help alleviate some of these
conditions, various devices {¢.g., pacemakers, defibrillators, ote.) can be implanted in
a patient’s body. Such devices may monitor and provide electrical stimulation to the
heart to help the heart operate in 3 more normal, efficient and/or safe manner. In

some cases, a patient may have multiple implanted devices,

The present disclosure gencrally relates to systems, devices, and methods for
treating cardiac arrhythmias, and more particularly, to systoms, devices, and metheds
for detecting cardiac arrhythmias and coordinating treatment of anti-tachycardia
pacing (ATP) therapy and defibrillation shock therapy between a leadless cardiac
pacemaker and another medical device.

Ina first example, a2 medical device system for debvering electrical
stinelation therapy to a heart of a patient may comprise: a leadless cardiac pacemaker
(LCP) configured to be implanted within a heart of a paticnt and configured to
determine occurrences of cardiac arrhythioias; a medical device configured to

determine occurrences of cardiac arrhythmias and to deliver defibrillation shock



WO 2016/007660 PCT/US2015/039594

therapy to the patient, whercein the LCP and the medical device are housed separately
from one ancther and communicatively coupled, and wherein afier the LCP
determines an occurrence of a cardiac arrhythmia, the LCP is configured to modify
the defibrillation shock therapy of the medical device.

Additionally or alternatively, in any of the previous examples, the LCP may
determine an occurrence of 8 cardiac archythmia based, at least in part, on one or
more received physiological signals or fndications of oue or more physiological
conditions of the patient.

Additionally or alternatively, in any of the previous examples, the onc or more
received physiological signals may comprise one or more oft cardiac electrical
activity; contractility of the heart of the patient; cardiac output of the heart of the
patient; and hearts soands.

Additionally or alternatively, in any of the previous cxamples, the
defibrillation shock therapy may comprise, after the medical device determines an
occurrence of a cardiac arrhythmia: charging a capacitor to a predefined level; and
after charging the capacitor to the predefined level, delivering one or more
defibrillation pulses to the heart of the paticnt using at least some energy stored in the
capacitor.

Additionally or alternatively, in any of the previous examples, to modify the
shock therapy of the medical device, the LCP may be configured to: detormine
whether the cardiac arrhythmia is susceptible to AT therapy; and if it is determined
that the cardiac arthythmia is suscoptible to ATP therapy, communicate 2 suspend
message to the medical device and deliver anti-tachycardia pacing (ATP) therapy to
the heart of the patient.

Additionally or alternatively, in any of the previous examples, to modity the
defibrillation shock therapy of the medical device, the LCP may be configured to
affect one or more of the following: modification of an amplitude of the one or more
defibrillation pulses; moedification of a timing of delivery of the one or more
defibriliation pulses; and ccssation of delivery of the one or more defibrillation pulses.

Additionally or alternatively, in any of the previoos examples, the suspend
message may cause the medical device to suspend delivering one or more
defibrillation pulses to the heart of the patient after charging the capacitor to the

predefined level
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Additionally or alternatively, in any of the previoos examples, the suspend
message may cause the medical device to coase charging the capacitor.

Additionally or alternatively, o any of the previous examples, to modity the
shock therapy of the medical device, the LCP may be further configured to: determine
whether a delivered ATP therapy terminated the arrhythmia; if it 1s determined that
the delivered ATP therapy terminated the arrhythmia, communicate an abort
command to the medical device; if it 1s detormined that the dehivered ATE therapy
failed to terminate the arthythmia, commuonicate a resuane command o the medical
device.

Additionally or alternatively, o any of the previous examples, afier receiving
the resume command, the medical device may be configured 1o deliver one or more
defibrillation pulses to the heart of the patient.

Additionally or alternatively, in any of the previous cxamples, to determine if
the arrhythmia is susceptible to ATP therapy, the LCP may be configured 1o
determine whether: a beat rate of the heart of the patient is less than a threshold beat
rate; a regularity of a beat rhiythm of the beart of the patient is greater thau a threshold
regularity; and/or the arrhythmia is monomorphic.

Additionally or alternatively, in any of the previous examples, the medical
device may determine sccurrences of cardiac arrhythmias based, at least in part, on
one or more signals received from the LCP.

Additionally or alternatively, in any of the previous cxamples, to modify the
shock therapy of the medical device, the LCP may be configured to: determine
whether the cardiac arrhythmia is susceptible to ATP therapy; if it is detormined that
the cardiac archythmia is susceptibic to ATP therapy, deliver ATP therapy to the heart
of the patient; determine whether the delivered ATP therapy terminated the
arrhythimia; if it 1s determined that the delivered ATP therapy terminated the
arrhythmia, communicate an abort command to the medical device; and if it s
determined that the delivered ATP therapy failed to terminate the archythmia,
communicate a shock command to the medical device.

Additionally or alternatively, in any of the previous examples, the shock
command may cause the medical device to deliver one or more defibrillation pulses to
the heart of the patient.

Additionally or alternatively, in any of the previous examples, the medical

device may be a subcutancous implaniable cardioverter-defibritiator.
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In another example, a medical device system for delivering electrical
stimolation therapy to a heart of a patient may comprise: a leadiess cardiac pacemaker
{L.CP} implanted within a heart of a patient and configured to determing occurrences
of cardiac arrhythmias; a medical device configured to determine occurrences of
cardiac arrhythmias and to deliver defibrillation shock therapy to the patient, wherein
the LCP and the medical device are spaced from one another and communicatively
coupled, and wherein afier the LCP determines an occurrence of a cardiac arrhythoda,
the LCP 15 configured to modify the defibrillation shock therapy of the medical
device.

Additionally or alternatively, 1o any of the previous examples, the LCP may
determine an occurvence of a cardiac arrhythmia based, at least in part, on one or
more received physiological signals or indications of one or more physiological
conditions of the pationt.

Additionally or alternatively, in any of the previous cxamples, the
defibrillation shock therapy may comprise, after the medical device determines an
occurrence of a cardiac arrhythinia: charging a capacitor to a predefined level; and
atter charging the capacitor o the predefined fevel, delivering one or more
defibrillation pulses to the heart of the patient using at least some energy stored in the
capacitor.

Additionally or alternatively, in any of the previous cxamples, to modify the
shock therapy of the medical device, the LCP may be configured to: detormine
whether the cardiac arrhythmia is susceptible to ATP therapy; and if it 18 determined
that the cardiac archythmia is susceptible to ATP therapy, communicate a suspend
message to the roedical device and deliver anti-tachycardia pacing (ATP) therapy to
the heart of the patient.

Additionally or alternatively, in any of the previous examples, the suspend
message may cause the medical device to suspend delivering one or more
defibrillation pulses to the heart of the patient after charging the capacitor to the
predefined level,

Additionally or alternatively, in any of the previoos examples, the suspend
message may cause the medical device to cease charging the capacitor,

Additionally or alternatively, in any of the previous examples, to modity the
shock therapy of the medical device, the LCP may be further configured to: determine
whether a delivered ATP therapy terminated the archythmia; if it is determined that

4
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the delivered ATP therapy terminated the arrhythmia, communicate an abort
command to the medical device; ifit is determined that the delivered ATP therapy
failed to terminate the arrhythmia, coromunicate a resume command te the medical
device.

Additionally or alternatively, in any of the previous examples, after receiving
the resume command, the medical device may be configured to deliver onc or more
defibrillation pulses to the heart of the patient.

Additionally or alternatively, in any of the previous examples, the medical
device may determine occurrences of cardiac arrhythmias based, at least in part, on
one or more signals reccived from the LCP.

Additionally or alternatively, in any of the previous examples, to modity the
shock therapy of the medical device, the LCP may be configored to: determine
whether the cardiac arrhythmia is susceptible to ATP therapy: if it is determined that
the cardiac arrhythmia is susceptible to ATP therapy, deliver ATP therapy to the heart
of the patient; determine whether the delivered ATP therapy terminated the
arrhythmisa; if it is determined that the delivered ATP therapy terminated the
arrhythmia, compmnicate an abort conmand to the medical device; and if it is
determined that the delivered ATP therapy failed to terminate the arrhythmia,
communicate a shock command to the medical device.

Additionally or alternatively, in any of the previous examples, the shock
command may cause the medical device to deliver one or more defibrillation pulses to
the heart of the patient.

In stilf another example, a method for delivering electrical stiaulation therapy
10 a heart of a patient may conmprise: deterouning an occurrence of an arrhythimia;
after determining an occurrence of an arvhythmia: with a leadless cardiac pacemaker
{LCP), determining whether the arrhythimia is susceptible to anti-tachyecardia pacing
{ATP) therapy; and with a medical device that is spaced from the LCP and
communicatively coupled 1o the LCP, initiating a shock therapy program; with the
LCP, if the arthythmia is determined to be susceptible to ATP therapy, modifying the
shock therapy program of the medical device.

Additionally or alternatively, in any of the previous examples, the shock
therapy program may comprise delivering one or more defibrillation pulses to the
heart of the patient, and modifying the shock therapy program of the medical device

comprises one or more of! modifying an amphitude of the one or more defibrillation
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pulses; modifying a timing of delivery of the one or more defibrillation polses; and
ceasing delivery of the one or more defibrillation pulses.

Additionally or alternatively, 1o any of the previous examples, the LCP may
determine the arrhythmia is susceptible to ATP therapy it: a beat rate of the heart of
the patient is less than a threshold beat rate; a regularity of a beat rhythm of the heart
of the patient is greater than a threshold regularity; and/or the archythmia is
monomorphic.

In yet another example, a medical device system for delivering electrical
stimolation therapy to a heart of a patient may comprise: a leadiess cardiac pacemaker
{L.CP} configured to sense one or more physiclogical parameters of the heart of the
patient; and a medical device commmunicatively coupled to the LCP, the medical
device configured to determine an oceorrence of an arthythmia and deliver electrical
shock therapy to the heart of the patient, wherein the electrical shock therapy
comprises: charging a capacitor to a predetermined level, and delivering one or more
clectrical shocks to the heart of the patient after charging the capacitor to the
predetermined level; and wherein the medical device is configured to alier the
clectrical shock therapy based on convounications from the LCP.

Additionally or alternatively, in any of the previous examples, the LCP may be
firther configured to, based on the one or more sensed physiological parameters,
cause the medical device to begin charging the capacitor,

Additionally or alternatively, in any of the previous cxamples, the one or more
physiological parameters may comprise one or more of! cardiac electrical activity;
contractility of the heart of the patient; cardiac output of the heart of the patient; and
hearts sounds.

Additionally or alternatively, in any of the previous examples, the LCP may
cause the medical device to begin charging the capacitor befure the medical device
determinges an occurrence of an arrhythimia.

Additionally or alternatively, in any of the previous examples, the LCP may be
further configured to: communicate an indication of an occurrence of an arrhythnia to
the medical device, wherein the medical device is further configured to determine an
occurrence of an arrhythmia based, at least in part, on the received indication; and
deliver ATP therapy betore the medical device delivers electrical shock therapy to the

heart of the patient.



WO 2016/007660 PCT/US2015/039594

Additionally or alternatively, in any of the previous examples, the LCP may be further
configured to: determine whether the ATP therapy was successful in erminating the
arrhythmia; and if it is determined that the ATP therapy was successful 1o terminating
the arrhytlmia, communicate an asbort message to the medical device to abort the
dehivery of electrical shock therapy to the heart of the patient.

The above summary is not intended to describe each embodiment or every
wnplementation of the present disclosure. Advantages and attainments, together with
a more complete understanding of the disclosuare, will become apparent and
appreciated by referring to the following description and claims taken in conjunction

with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more completely understood in consideration of the
folowing description of various tlustrative embodiments in connection with the
accompanying drawings, in which:

Figure 1 is a schematic block diagram of an illustrative leadless cardiac
pacemaker {LCP) according to one cxample of the present disclosure;

Figure 7 is a schematic block diagram of another illustrative medical device
that may be used in conjunction with the LCP of Figure 1;

Figure 3 is a schematic diagram of a system including a leadiess cardiac
pacermaker (LCP) and another medical device, in accordance with yet another
example of the present disclosure;

Figure 4 15 a schematic diagram of a system including an LCP and another
medical device, in accordance with another example of the present disclosure;

Figure 5 is a schematic diagram of an exemplary medical systom that inchudes
rthtiple LCPs and/or other devices in commumnication with one another;

Figure 6 is a timing diagram showing illustrative functions a first devicc and 3
second device may perform in relation to one another, in accordance with an exanmple
of the present disclosure;

Figure 7 15 a timing diagram showing illustrative fimctions a first device and a
second device may perform in relation to oune another, in accordance with an example
of the preserd disclosure;

Figure 8 is a timing diagram showing illustrative functions a first device and a
second device may perform in relation to one another, in accordance with an exanple
of the preseut disclosure;

Figure 9 is a timing diagram showing illustrative functions a first device and a
second device may perform in relation to one another, in accordance with an example
of the present disclosure;

Figure 10 is a timing diagram showing illustrative functions a fitst device and
a second device may perform in relation to one another, in accordance with an
example of the present disclosure;

Figure 11 is a timing diagram showing illustrative functions a first device and
a second device may perform in relation to one another, in accordance with an

example of the present disclosure;
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Figure 12 is a timing diagram showing llostrative functions a first device and
a second device may perform in relation to one another, in accordance with an
example of the present disclosure; and

Figure 13 is a flow diagram of an illustrative method that may be implemented
by a medical device or medical device system, such as the illustrative medical devices
and medical device systems described with respect to Figures 1-4.

While the disclosure is amenable to various modifications and alternative
forms, specifics thereof have been shown by way of example in the drawings and will
be described in detail. 1i should be understood, however, that the intention is not to
it aspects of the disclosure to the particular illustrative embodiments described.

On the contrary, the intention is 1o cover all modifications, equivalents, and

alternatives falling within the spirit and scope of the disclosure.

RESCRIPTION

The following description should be read with reference to the drawings in
which similar clements in different drawings are nombered the same. The description
and the drawings, which arc not necessarily 1o scale, depict illustrative erabodiments
and are not intended fo Hmit the scope of the disclosure.

A pormal, healthy heart induces contraction by conducting intrinsically
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 patienis suffor from cardiac conditions that affect this confractility of
their hearts. For example, some hearts may develop discased tissucs that no longer
generate or conduct intrinsic electrical signals. In some examples, discased cardiac
tissues conduct electrical signals at differing rates, thereby causing an unsynchronized
and inefficient contraction of the heart. In other examples, a heart may generate
witrinsic signals at such a low rate that the heart rate becomes dangerously low. In
still other examples, a heart may generate electrical signals at an unusually high rate.
In some cases such an abnormality can develop into 8 fibrillation state, where the
contraction of the patient’s heart chambers are almost completely de-synchronized
and the heart pumps very hittle to no bleod. Implantable medical device which may
be configured to deliver one or more types of electrical stimulation therapy to
paticnt’s hearts may belp to terminate or alleviate such cardiac conditions.

9
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Figure 1 depicts an excmplary leadless cardiac pacemaker (LCP) that may be
mplanted into a patient and may operate to prevent, conirol, or terminate cardiac
arrhythmias in paticuts, for exanple by appropriately employing one or more
therapies (e.g. anti-tachycardia pacing (ATP) therapy, cardiac resynchronization
therapy (CRT), bradycardia therapy, defibrillation therapy, or the like). Ascanbe
seen in Figure 1, LCP 100 may be a compact device with all components housed
within LCP 100 or divectly on housing 120, In the example shown in Figure 1, LCP
100 may tnclude a telemetry module 102, a pulse generator module 104, an elecirical
scusing module 106, a mechanical sensing module 108, a processing module 110, 2
battery 112, and electrodes 114, LCP 100 may include more or less modules,
depending on the application.

Telemetry module 102 may be configered to communicate with devices such
as sensors, other medical devices, and/or the like, that are located externally to LCP
100. Such devices may be located cither external or internal 1o the paticnt’s body.
Irrespective of the location, external devices (1.e. external to the LCP 160 but not
nocessarily 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 communicate information, such as sensed elecirical signals, data,
instructions, messages, eic., to an external medical device through telemetry module
12, The external medical device may usc the conununicated signals, data,
mstroctions and/or messages to perform various functions, such as determining
occurrences of arhythmias, delivering electrical stimulation therapy, storing received
data, and/or performing any other suttable function. LCP 100 may additionally
receive nformation such as signals, data, instructions and/or messages from the
external medical device through telemetry module 102, and LCP 100 may use the
received signals, data, mstructions and/or messages to perform various functions, such
as determining occurrences of arrhythiias, delivering electrical stimulation therapy,
storing received data, and/or performing any other suitable function. Telemetry
module 102 may be configured to use one or more methods for commmunicating with
external devices. For example, telemetry modale 102 may communicate via
radiofrequency (RF) signals, inductive couphing, optical signals, acoustic signals,
conducted commumication signals, and/or any other signals suitable for

communication.

10
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In the example shown in Figure {, pulse generator module 104 may be
clectrically connected to electrodes 114, In some examples, LCP 100 may
additionally include clectrodes 114, In such examples, pulse generator 104 may also
be electrically commected to electrodes 1147, Pulse generator module 104 may be
configured to generate electrical stimulation signals. For example, pulse generator
module 104 may generate electrical stimulation signals by using energy stored in
battery 112 within LCP 100 and deliver the generated electrical stivwmiation signals
via glectrodes 114 and/or 1147, Alternatively, or additionally, pulse generator 104
may inclode one or more capacitors, and pulse generator 104 may charge the onc or
more capacitors by drawing encrgy from battery 112, Pulse gencrator 104 may then
use the energy of the one or more capacitors to deliver the generated electrical
stinelation signals via electrodes 114 and/or 114°. In at least some examples, pulse
generator 104 of LCP 100 may melude switching circuitry to selectively connect one
or mwore of clectrodes 114 and/or 114 to pulse generator 104 in ovder 1o select which
clectrodes 114/114° (and/or other clectrodes) pulse generator 104 delivers the
clectrical stimulation therapy. Pulse generator module 104 may gencrate electrical
stimiulation signals with particular featurcs or in particular sequences in order to
provide one or multiple of a number of different stimulation therapies. For example,
pulse generator moedule 104 may be configured to generate electrical stimulation
signals to provide electrical stimulation therapy to combat bradycardia, tachycardia,
cardiac synchronization, bradycardia arrhythmias, tachycardia arthythodas,
fibrillation arrhythmias, cardiac synchronization arrhythiias and/or to produce any
other suitable electrical stimulation therapy. Some more common electrical
stimulation therapics inchude anti-tachycardia pacing (ATP) therapy, cardiac
resynchronization therapy (CRT), and cardioversion/detibriliation therapy.

In some examples, LCP 100 may not include a pulse generator 14, For
example, LOP 100 may be a diagnostic only device. In such examples, LCP 100 may
not deliver electrical stimulation therapy to a patient. Rather, LCP 100 may collect
data about cardiac electrical activity and/or physiological parameters of the patient
and communicate such data and/or determinations to one or more other medical
devices.

In some examples, LCP 100 may inciude an electrical sensing module 106,
and in some cases, a mechanical sensing module 108, Electrical sensing module 106
miay be configured to sense the cardiac clecirical activity of the heart. For exanyple,

I8l
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electrical sensing module 106 may be connected to electrodes 114/114°, and electrical
scusing module 106 may be configured to receive cardiac electrical signals conducted
through clectrodes 114/114°. The cardiac clectrical signals may represent local
mformation from the chamber in which LCP 100 is tmplanted. For mstance, 1t LCP
130 is implanted within a ventricle of the heart, cardiac electrical signals sensed by
LCP 100 through electrodes 114/114° may represent ventricular cardiac electrical
signals. Mecharical sensing moduie 108 may jnclude one or maore sensors, such as ag
accelerometer, a blood pressure sensor, a heart sound sensor, a blood-oxygen sensor,
and/or any other suitable sensors that are configured (o measure onc or more
mechanical parametors of the paticot. Both clectrical sensing module 106 and
mechanical sensing module 108 may be connected to a processing module 110, which
may provide signals representative of the sensed mechanical parameters. Although
described with respect to Figure | as separate sensing modules, in some cases,
clectrical sensing module 206 and mechanical sensing module 208 may be combined
mto a single sensing module, as desired.

Electrodes 114/114° can be secured refative to housing 120 but exposed to the
tissue and/or blood surrounding LCP 100, Tn some cases, electrodes 114 may be
generally disposed on etther end of LCP 100 and may be in clectrical commumication
with one or more of modules 102, 104, 106, 108, and 118, Electrodes 114/114° may
be supported by the housing 120, although in some examples, electrodes 114/114°
may be connected to housing 120 only through short connecting wires such that
electrodes 114/114° are not directly secured relative to housing 120, In examples
where LCP 100 includes one or more clecirodes 1147, elecirodes 1147 may be
generally disposed on the sides of LCP 100 and may increase the number of
electrodes by which LCP 100 may sense cardiac electrical activity, deliver electrical
stinmlation and/or communicate with an external medical device. Electrodes
114/114° can be made up of one or more biocompatible conductive materials such as
various metals or alloys that are known to be safe for implandation within a human
body. In some instances, electrodes 114/114° connected to LCP 100 may have an
msulative portion that electrically isolates electrodes 114/114° from adjacent
electrodes, housing 12{, and/or other parts of the LCP 100,

Processing modale 110 can be configured to control the operation of LCP 100,
For example, processing modole 110 may be configured to receive clectrical signals

from clectrical sensing modale 106 and/or mechanical sensing module 108, Based on
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the received signals, processing module 110 may determine, for example, oceurrences
and, in some cases, types of arthythmias. Based on any determined arrhythmias,
processing module 110 may control pulse generator module 104 to geonerate clectrical
stimulation in accordance with one or more therapies to treat the determined
arthythimia(s). Processing module 110 may forther receive information from
telemetry module 102, In some examples, processing module 110 may use such
received information to help detormine whether an arrhythioia is occurring, determine
a type of arrhythmia, and/or to take particular action in response to the information.
Processing module 110 may additionally conirol telemetry module 102 to send
mformation to other devices.

In some examples, processing module 10 may include a pre-programmed
chip, such as a very-large-scale integration (VLS chip and/or an application specific
integrated circuit (ASICY. In such embodiments, the chip may be pre-programmed
with control logic in order to cordrol the operation of LCP 100, By using a pre-
programmed chip, processing module 110 may use less power than other
programmable circuits {c.g. general purpose programmabic microprocessors) while
still being able to maintain basic functionality, thereby potentially increasing the
battery hifc of LCP 100. In other examples, processing module 110 may mclode a
programmable microprocessor. Such a programmable microprocessor may allow a
user to modify the conirol fogic of LCP 100 even after implantation, thercby allowing
for greater flexibility of LCP 100 than when using a pre-programmed ASIC, In some
examples, processing module 110 may forther include a memory, and processing
madule 110 may store information on and read information from the memory. In
other examples, LCP 100 may include a separate memory (not shown) that s in
communication with processing modale 110, such that processing module 110 may
read and write information to and from the separate memory.

Battery 112 may provide power to the LCP 100 for its operations. In some
examples, battery 112 may be a non-rechargeable Hithium-based battery. In other
examples, a non-rechargeable battery may be made from other suitable materials, as
desired. Because LCP 100 is an implantable device, access to LCP 100 may be
limited afier implantation. Accordingly, it is desirable to have sufficient battery
capacity to debiver therapy over a period of treatment such as days, wecks, months,

years or even decades. In other examples, battery 110 may a rechargeable battery,
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which may help increase the useable lifespan of LCP 100, In still other examples,
battery 110 may be some other type of power source, as desired.

To implant LCP 100 inside a patient’s body, an operator {e.g., a physician,
clinician, ete.), may tfix LCP 100 to the cardiac tissue of the paticnt’s heart. To
facilitate fixation, LCP 100 may include one or more anchors 116, Anchor 116 may
include any one of a number of fixation or anchoring mechanisms. For example,
anchor 116 may include one or more pins, staples, threads, scrows, helix, tines, and/or
the like. In some examples, although not shown, anchor 116 may inclhude 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 like to facilitate engagement with the
surrounding cardiac tissue.

Figure 2 depicts an example of another medical device (MDD} 200, which may
be used in conjunction with LCP 100 of Figure 1 in order to detect and/or treat cardiac
arrhythmias and other heart conditions. In the example shown, MD 200 may include
a telemetry module 202, a pulse generator module 204, an clectrical sensing module
206, a mechanical sensing module 208, a processing module 210, and a battery 218,
Each of these modules may be similar to modules 102, 104, 106, 108, and 110 of LCP
1. Additionally, battery 218 may be similar to battery 112 of LCP 160, In some
examples, however, MD 200 may have a larger volume within housing 220. In such
examples, MD 200 may inclade a larger battery and/or a larger processing module
210 capable of handling more complex operations than processing module 110 of
1.CP 1040,

While it is contemplated that MD 200 may be another leadless device such as
shown in Figure 1, in some tostances MD 200 may include leads such as leads 212.
Leads 212 may inciude clectrical wires that conduct clectrical signals between
electrodes 214 and one or more modules located within housing 220, In some cases,
leads 212 may be connected to and extend away from housing 220 of MD 200, In
some examples, leads 212 are implanted on, within, or adjacent to a heart of a patient.
Leads 212 may contain one or more clectrodes 214 positioned at various locations on
feads 212, and in some cases at various distances from housing 220, Some leads 212
may only inclede a single electrode 214, while other leads 212 may include meltiple

clectrodes 214, (Generally, electrodes 214 are positioned on leads 212 such that when
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leads 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
clectrodes 214 may be in contact with the patient’s cardiac tissue. Tn some cases, the
one or more of the electrodes 214 may be positioned subcutancously but adjacent the
patient’s heart. In some cases, electrodes 214 may conduct intringically generated
clectrical signals to leads 212, ¢.g. signals represeniative of intrinsic cardiac electrical
activity. Leads 212 may, in turn, conduet the received electrical signals to one or
more of the modules 202, 204, 206, and 208 of MD 200. In some cases, MD 200 may
generate clectrical stimuolation signals, and leads 212 may conduct the gonerated
clectrical stimulation signals to electredes 214, Electrodes 214 may then conduct the
electrical signals and delivery the signals to the paticnt’s heart {either directly or
indirectly).

Mechanical sensing module 208, as with mechanical sensing module 108, may
contain or be electrically comnected 1o one or more sensors, such as accelerometers,
blood pressure sensors, heart sound sensors, blood-oxygen sensors, and/or other
seusors which are configured to measure one or more mechanical parameiers of the
heart and/or patient. ¥n some examples, one or more of the sensors may be located on
leads 212, but this is not required. In some examples, one or more of the sensors may
be located in housing 220.

While not required, in some examples, MD 200 may be an implantable medical
device. In such exaoyples, housing 220 of MDD 200 may be tmplanted in, for exanple,
a transthoracic region of the patient. Housing 220 may generally inchude any of a
number of known materials that are safe for implantation in a human body and may,
when implanted, hermetically seal the various components of MD 200 from fluids and
tissues of the patient’s body.

In some cases, MD 200 may be an implantable cardiac pacemaker (ICP). In
this example, MD 200 may have one or more leads, for example fcads 212, which are
waplanted on or within the paticat’s heart. The one or more leads 212 may nclude
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 to sense intrinsically generated cardiac
clectrical signals and determine, for exampie, one or more cardiac archythmias 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 fmplanted
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within the heart, In some examples, MD 200 may additionally be configured provide
ctibrillation therapy.

In some instances, MUD 200 may be an implantable cardioverter-detibriltator
{(ICD). o such examples, MD 200 may inchide one or more leads implanted within a
patient’s heart. MD 200 may alse be configured to sense cardiac electrical signals,
determine ocowrrences of tachyarrhythmias based on the sensed signals, and may be
configured to deliver defibrillation therapy in response o determining an occurrence
of a tachyarrhythmia. In other examples, MD 200 may be a subcotaneous implantable
cardioverter-defibrillator (5-1CD). In examples where MD 200 is an 5-1CD, one of
icads 212 may be a subcutaneously implanted lead. In at least some examples where
MDD 200 15 an S-1CD, MD 200 may include only a single lead which is implante
subcotancously, but this 1s not required.

In some examples, MD 200 may not be an implantable medical device. Rather,
MDD 200 roay be a device external to the patient’s body, and may include skin-
clectrodes that are placed on a patient’s body. In such examples, MD 200 may be
ablc to scnse surface electrical signals (e.g. cardiac clecirical signals that arc
generated by the heart or elecirical signals generated by a device implanted 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,
including, for example, defibriilation therapy.

Figures 3 and 4 show illustrative medical device systers that may be
configured to operate according to techniqoes disclosed herein. In Figure 3, an LCP
302 is shown fixed to the interior of the left ventricle of the heart 310, and a pulse
generator 306 is shown coupled 1o a fead 312 having one or more electrodes 308a-
308¢. In some cases, the pulse generator 306 may be part of a subcutaneous
implantable cardioverter-defibrillator {S-1CD), and the one or more electrodes 3(8a-
3(%c may be positioned subcutancously adiaceunt the heart. In some cases, the LCP
302 may coromumicate with the subcutancous implantable cardioverter-defibrillator
(S-1CD). In some cases, the LCP 302 may be in the vight ventricle, right atrium or le
atrivm of the heart, as desired. In some cases, more than one LCP 302 may be
mplanted. For example, one LCP may be implanted in the right ventricle and another
may be implanted in the right atriom. In another example, one LCP may be implante
in the right ventricle and ancther may be implanted in the left ventricle. In yet

another cxampie, one LCP may be implanted 1o each of the chambers of the heart.
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In Figare 4, an LCP 402 is shown fixed to the tnterior of the left ventricle of
the heart 410, and a pulsc generator 406 is shown coupled to a lead 412 having one or
more electrodes 404a-404¢. In some cases, the pulse gencrator 406 may be part of an
mplantable cardiac pacemaker (ICP) and/or an implantable cardioverter-defibrillator
(ICD), and the one or more electrodes 404a-404¢ may be positioned in the heart 410.
In some cases, the LCP 402 may communicate with the implantable cardiac
pacemaker (ICP} and/or an implantable cardioverter-defibrillator (ICD).

The medical device systems 300 and 400 may also include an external suppont
device, such as external support devices 320 and 420, External support devices 320
and 420 can be used to perform functions such as device identification, device
programming and/or transter of real-time and/or stored data between deviees using
one or more ¢f the commumication techniqoes described hercin, As one example,
communication between cxtornal support device 320 and the pulse geonerator 300 i
performed via a wireless mode, and communication between the pulse generator 306
and LCP 302 is performed via a conducted mode. In some examples, conmmunication

ctween the LCP 302 and external support device 320 is accomplished by sending
communication information through the pulse generator 306, However, in other
examples, communication between the LCP 302 and external support device 320 may
be via a telemetry module.

Figures 3-4 only illustrate two examples of medical dovice systems that may
be configured to operate according to techmiques disclosed herein. Other example
medical device systems may include additional or different medical devices and/or
configurations. For instance, other medical device systems that are suiiable to operate
according to techniques disclesed herein may mclode additional LCPs implanded
within the heart. Another example medical device system may include a plurality of
LCPs without other devices such as pulse generator 306 or 406, with at least one LCP
capable of delivering defibriliation therapy. In yet other exampies, the configuration
or placement of the medical devices, leads, and/or electrodes may be different from
those depicted in Figures 3 and 4. Accordingly, 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 technigues disclosed berein. As such, the
examples shown in Figures 3 and 4 should not be viewed as limiting n any way.

Figore § iHlustrates an example of a medical device system and a
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and/or 510 may commumicate. In the example shown, medical device system 500
may inclode LOPs 502 and 504, external medical device 546, and/or other
seusors/devices 510, External device 506 may be any of the devices described
previously with respect to MD 200, Gther sensors/devices 510 may also be any of the
devices described previcusly with respect to MD 200, In some instances, other
sensors/devices 510 may include a sensor, such as an accelerometer or bloed pressure
sensor, of the ke, In some cases, other sensors/devices 310 may nclade an external
programmer device that may be used to program one or more devices of system 500.

Various devices of system SO0 may compunicate via communication pathway
308, For example, LCPs 502 and/or 504 may sense infrinsic cardiac elecirical signals
and may communicate such signals to one or more other devices S02/504, 506, and
S0 of system 500 via conpmumication pathway 508, In one example, one or more of
devices 502/504 may receive such signals and, based on the received signals,
determing an oceurrence of an arrhythoda. In some cases, device or devices 502/504
may comumumicate such determinations to one or more other devices 506 and 510 of
system 500, In some cases, ong or more of devices S62/504, 306, and 510 of system
500 may take action based on the communicated determination of an arrhythnua, such
as by delivering a suitable clectrical stimulation to the heart of the patient. It is
contemplated that communication pathway SO8 may commaunicate using RF signals,
inductive coupling, optical signals, acoustic signals, conducted signals, or any other
signals suitablie for communication. Additionally, in at [east some examples, device
communication pathway 508 may comprise moltiple signal types. For instance, other
sensors/device S10 may compunicate with external device 506 using a first signal
tvpe (e.g. RF conununication) but compumnicate with LOCPs 502/504 using a second
signal type (¢.g. conducted communication}. Further, in some examples,
communication between devices may be himited. For instance, in some examples,
LCPs 502/504 may comumunicate with external device 506 only through other
sensors/devices 510, where LCPs 502/504 send signals to other sensors/devices 510,
and the other sensors/devices 510 relay the received signals to external device S06.

In some cases, communication pathway S08 may chide conducted
communication. Accordingly, devices of system 500 may have components that
allow for such conducted conmmunication. For instance, the devices of system 500
may be configured to transmit conducted commenication signals (e.g. current and/or
voltage pulses) into the patient’s body via one or move electrodes of a transmitting
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device, and may receive the conducted communication signals (e.g. pulses) via one or
more clectrodes of a receiving device. The patient’s body may “conduct” the
conducted communication signals {c.g. pulses) from the clectrodes of the transmitting
device 1o the electrodes of the veceiving device. In such examples, the delivered
conducted commmication signals {e.g. pulses) may differ from pacing or other
therapy sigoals. For example, the devices of system 580 may deliver clectrical
communication pulses at an amplitude /pulse width that is sub-thwesheld 1o the heart
{e.g. non-therapeutic). Although, in some cases, the amplitude/pulse width of the
defivered electrical communication pulses may be above the capture threshold of the
heart, but may be delivered during a refractory period of the heart and/or may be
incorporated in or modulated onto one or more pacing pulses, if desired.

Delivered electrical communication pulses may be modulated in any suitable
manner {0 cncode communicated information. In some cases, the communication
pulses may be pulse width modulated or amplitude modulated. Altematively, or in
addition, the time between pulses may be modulated to encode destred information,
In some cases, conducted communication pulses may be voltage pulses, current
pulses, biphasic vohtage pulses, biphasic current puises, or any other suitable clectrical
pulse as desirved.

According to some examples, a medical device system of two or more
medical devices may cooperate to deliver elecirical stimulation therapy to a heart of a
patient. For exanple, a plurality of medical devices may be configured 1o detect
cardiac arthythmias, determine whether the arthythmias are susceptible to a first type
of electrical stinmilation therapy and if it is determined that the archythmia is not
susceptibie to the first type of electrical stimulation therapy or that the first type of
clectrical stimulation therapy has failed, to deliver a second type of electrical
stinelation therapy., Many of the examples are described in terms tachyarrhythmias,
anti-tachycardia pacing (ATP) therapy, and defibrillation shock therapy. However,
other types of therapy are also contemiplated, including cardiac resynchronization
therapy (CRT), bradycardia therapy, neuro stimulation thevapy, eic. Hach of the
various electrical stimuiation therapics may use comvesponding types of electrical
stimulation pulses to achieve a desired rosult. For instance, ATP therapy may use
pacing pulses, whereas defibrillation shock therapy may use defibrillation pulses. In
general, the medical devices may use any type of electrical stinulation pulses known

in the art to achieve any of the disclosed therapics.
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According to some techmiques of this disclosure, both of a first device and 2
second device of a medical device sysiem may determine an occwrrence of a
tachyarrhythimia, although this 15 not required. To some examples, the first device
may determine the securrence of a tachyarrhythna based on sensed cardiac electrical
signals, and may commumicate the determination to the second device. In other
examples, the second device may determine the occurrence of a tachyarrhythoda
based on sensed cardiac electrical sigoals, and may communicate the determination to
the first device. In yet other examples, the first device and the second device may
both determine the occurrence of a tachyarrhythmia independently based on sensed
cardiac clectrical signals, and in still other examples, a device other than the first
device and the second device may determine the ocourrence of a tachyarrhythnua and
may communicate the determination to the first device and/or the second device.
Alternatively, one of the first and second devices may sense cardiac electrical signals,
communicate those cardiac clectrical signals to the other of the first and second
devices, and the other of the first and second devices may use those received cardiac
clectrical signals to determine an occurrence of a tachyarrhythmia and may
communicate that determination back to the first one of the first and second devices.
The first and/or second devices may employ one or more techniques for determining
occurrences of a tachyarrhythmia based on sensed cardiac electrical signals such as
heart rate, a heart thythm, ECG morphology, etc.

Additionally or alternatively, the first and/or second devices may determine
occurrences of tachyarrhythmia based on one or more mechanical parameters of the
paticnt, such as g heart contractility parameter, a heart sounds parameter, a cardiac
output parameter, and/or a posture parameter. fn some cases, the first and/or second
devices may compare a heart contractility parameter 10 a contractility threshold, If the
first and/or second devices determine that the heart contractility parameter is greater
than (or, in some examples, less than) the contractility threshold, the first and/or
second devices may determine an occurrence of a tachyarrhythmia, Additionally or
alternatively, the fivst and/or sccond devices may compare a heart sounds parameter to
a heart sounds threshold. If the first and/or second devices determine that the heart
sounds parameter is greater than (o1, in some examples, less than} the heart sounds
threshold, the first and/or second devices may determine an ocourrence of a
tachyarrhythmia. Additionally or alternatively, the first and/or second devices may
compare a cardiac cutput parameter (o a cardiac output threshold, i the first and/or
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second devices determine that the cardiac cutput parameter is greater than {or, In
some examples, less than) the cardiac output threshold, the first and/or sccond devices
may deterodne an cccurrence of a tachyarthythimia.  Additionally or alternatively, the
first and/or second devices may compare a posture parameter to a posture threshold
{¢.g. a vertical posture parameter or a vertical posture threshold or a horizontal
posture parameter {06 a horizontal posturc parameter). If the first and/or second
devices deternyine that the posture parameter is greater than (or, in some cxamples,
less than} the posture threshold, the first and/or second devices may determine an
occurrence of an arrhythinia.

Of course, the first and/or second devices may use a combination of the above
described parameters in determining an occurrence of a tachyarrhythmia, For
instance, the first and/or second devices may employ a hierarchical logic to determine
an occurrence of a tachyarrhythmia. As one exarpie, the first and/or second devices
may use a first parameter to make an jvitial determination of an oceurrence of a
tachyarrhythimia, and may use a second parameter to confirm the initial determination

cfore making a determination of an occurrence of a tachyarrhythmia. In other
examples, the first and/or second devices may use additional parameters in making
initial determinations or actual determinations. In other examples, the first and/or
second devices may use a strict or weighted voting system using multiple of the
parameters in making s determination of an occurrence of a tachyarrhythmia.

As one example, three of the parameters may indicate the occurrence of 2
tachyarrhythmia while two other parameters may not indicate an occurrence of a
tachyarrhythimia. The first and/or second devices may then determine an occurrenee
of a tachyarrthythmia based on the greater nurober of parameters indicating an
occwrence of a tachyarrhythmia. In other examples, the first and/or second devices
may employ other, more complex, voting schemes to determine the occurrence of a
tachyarrhythmis.

In some exaraples, the fivst and/or second devices may deternrine
physiological parameters and/or occurrences of tachyarrhythmias based on
mformation gathered by cach device. For example, the first device may inchide one
or more sensors that gather physiological parameters and/or an clectrical sensing
module that senses the cardiac electrical activity, and the first device may make one
or more determinations based on the gathered nformation, such as determining

whether a tachyarrhythmia is occwrring.  Altornatively, the first device may receive
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mformation, such as physiological parameters or sensed cardiac eloctrical activity
from another device, for example the second device or another device of the system.
In such examples, the first device may use the received information in determining
physiclogical parameters and/or occurrences of, for example, tachyarrhythmias. Ina
similar manner, the second device may determine physiological parameters and/or
occurrences of tachyarrhythmias based on information gathered by the second device
or information received by the second device from other devices.

Figures 6 and 7 illustrate one example operational technique for a first device
and a second device for delivering clectrical stimulation therapy to a heart of a
patient. Figures 6 and 7 illustrate timelines 614 and 714, which include an onset of a
tachyarrhythmia at times 612 and 712, along with various functions performed by
Device 1 and Device 2. In the examples of Figures 6 and 7, Device 1 may be an LCP,
such as LCP 100 described with respect to Figure | and Device 2 may be MD 200
described with respect to Figure 2. However, 1o other examples, Deviee 1 and Device
2 may represent other devices, Additionally, other systems may employ any disclosed
iechniques which include additional devices, for example diagnostic only devices.

In the examples of Figures 6 and 7, regardiess of how a device | detormines
the occurrence of the tachyarrhythnia (e.g. cither based on sensed cardiac electrical
signals and/or based on a received determination of an arrhythima from another
device), device 1 may determine whether the tachyarrhythmia is susceptible to ATP
therapy, as indicated by boxes 606 and 706, For example, device 1 may deternine a
heart rate parameter based on the sensed clectrical signals. Device 1 may identify R-
waves or QRS complexes, or other features to determine heart contractions. Device 1
may count these identified features for g period of time 1o determine how many of the
features occur within the period of time, ultimately resuiting n 4 heart rate in beats
per mingte. Device 1 may compare the heart rate to a heart rate threshold. If Device
1 determines that the heart rate is above a heart rate threshold, dovice T may
determine that the detected tachyarrhythmia to not likely to be susceptible 1o ATP
therapy, However, if device 1 determines that the heart rate is below the heart rate
threshold, device 1 may determine that the detected tachyarthythmia is likely to be
susceptible to ATP therapy

Additionally or alternatively, device 1 may determine a heart rhythm
regularity parameter based on sensed cardiac electrical signals, The heart rhythm

regularity parameter may be a measure of the regularity of the heart rate over time,
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andd may be generated by monitoring the time between successive detected heart beats
over a predetermined time period. 1f the heart rhythm regularity parameter is above a
regularity threshold (e.g. sufficiently regular), device | may deterovne that the
tachvarrhythmia is likely to be susceptible to ATP therapy. If the heart rhythm
regularity parameter is below the regularity threshold {e.g. not sufficiently regolar),
device 1 may determing that the tachyarrhythinia is not likely to be susceptible to
ATP therapy.

Additionally or alternatively, device 1 may determine a morphology parameter
for sensed cardiac signal. The morphology parameter may indicate a difference in
signal morphology of detected QRS complexes relative to one or more morpholegy
templates. If device | deternyines that the difference in signal morphology of detected
QRS complexes relative to the one or more morphology templates is greater than a
morphofogy threshold, device 1 may detormine that the tachyarrhythmia is Hkely to
be susceptible to ATP therapy. If device | determines that the difference i sigoal
morphology of detected QRS complexes relative to the one or more morphology
teraplates is less than a morphology threshold, device 1 may determine that the
tachyarrhythimia is not likely to be susceptible to ATP therapy. 1n at least some of
these examples, device 1 may determine whether the morphology of the sensed
cardiac sigpal is monomorphic. I device 1 determines that the morphology of the
sensed cardiac signal is monomorphic, device 1 may determine that the
tachyarrhythmia is susceptible to ATP therapy.

In some instances, device 1 may have access to both atrial cardiac electrical
signals and ventricular cardiac clectrical signals. For instance, device 1 may have
muti-sensing capabilitics, where device 115 able to identify signals representative of
ventricular contraction and signals representative of atrial contraction. In other
examples, device I may receive information relating to contraction of other heart
chambers (e.g. heart chambers other than the heart chamber within which device 1 is
waplanted) from one or more other devices, such as other LCPs, an 8-1CT or other
medical devices. When so provided, device | may determine whether the ventricalar
beat rate is greater than the atrial beat rate, I device 1 determines that the ventricular
beat rate is greater than the atrial beat rate, perhaps by a threshold amount, device 1
may determine that the tachyarrhythmia 1s likely to be susceptible to ATP therapy. If
device 1 determines that the ventricolar beat rate is not greater than the atrial beat rate,
perbaps by a threshold amount, device 1 may determine that the tachyarthythinia is
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not likely to be susceptible to ATP therapy. Of course, device 1 may use a
combination of the above described parameters (e.g. heart rate, rhythm regularity,
morphology, veniricular versus atrial beat rate) in determining whether the
tachvarrhythmia is likely to be susceptible to ATP therapy, possibly using a strict or
weighted voting system. In at least some examples, device 1 may determine that a
tachyarrhythmis is likely to be susceptible to ATP therapy if the heart vaic paramcter
is less than than two-bundred forty beats per minute (240 bpm), the thythm is
sufficiently reguolar (< 10 bpm deviation), and the morphology parameter is less than
the morphology threshold (which may indicate morphologically similar QRS
complexes).

In some cases, 8 device 2 may determine the occurrence of the
tachyarthythmia. Regardless of how a device 2 determines the occurrence of the
tachyarrhythmia (¢.g. cither based on sensed cardiac elecirical signals and/or based on
areceived determination of an arthythmia from another device), device 2 may begin a
defibrillation shock therapy program. For example, device 2, apon determining an
occurrence of a tachyarrhythmia, device 2 may begin charging a capacitor to a
predefined encrgy level, as indicated by boxes 608 and 708, Once the capaciior has
charged to the predefined encrgy level, device 2 may deliver one or more
defibrillation pulses to the heart of the patient in an attempt to terminate the
tachyarrhythmis, as indicaied by boxes 610 and 710. The capacitor may be part of a
pulse generator moedule of device 2.

The predefined encrgy level for the capacitor may represent a specific munber
of jouies of energy. in some cases, device 2 may be programumed with a single
specific predefined energy level. 1n other cases, devices 2 may include logic dictating
a selection of one of a number of predetined encrgy levels based on one or more
parameters such as a heart rate, the morphology of the tachyarrhythmia, battery level
and/or any other suitable parameter. In some cases, device 2 may be configured to
dehiver defibrillation shocks of increasing energy until the archythimia terminates,
which may also affect the specific predefined encrgy level for the capacitor.

The defibrillation shock therapy program may be modified on the fly. For
mstance, device | may communicate information o device Z which may affect the
defibrillation shock therapy program. For example, some tachyarrhythmias may be
treatable by delivering ATP therapy to the heart of the patient, which 1s sometimes
preferable to delivering defibriliation shock therapy. In the example shown in Figures
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6 and 7, device 2 may be configored to receive a “suspend” signal or command from
device 1, wherein after receiving the “suspend” command, device 2 suspends the
shock portion of the defibrillation shock therapy program. In some cases, device 2
may continue to charge the capacitor up to the predefined energy level, but the
delivery of one or more defibrillation pulses may be suspended until receiving another
command from device 1 (or another device), such as a resume command.

In examples where at least device 2 convmunicates messages and/or data to
device 1, device 2 may transmit any messages and/or data via one or more transmit
communication veciors. For example, device 1 and device 2 may include a system
such as depicted in Figre 3, where device 1 is an LCP, e.g. LCP 302, and device 2 s
represented by pulse generator 306, which may be an 5-1CD as described with respect
to Figure 2. In such a system, device 2 may have a number of electrodes disposed on
a subcutancously implanted lead, such as electrodes 308a-308¢, and one or more other
clectrodes sccured to the housing (as described with respect to Figures 1 and 2).
According to some examples, when device 2 transmits messages and/or data to device
1, device 2 may deliver the information via a transmit conununication vector that
mchades shock electrode 308¢ and an clectrode disposed on the housing (e.g. can) of
pulse generator 306. However, in other examples, deviee 2 may deliver the
information via a transmit communication vector that inclades sense electrode 308a
and an clectrode disposed on the housing {(e.g. can) of pulse generator 306, or sense
clectrode 308b and an clectrode disposed on the housing {e.g. can) of pulse generator
306. Instill other examples, device 2 may deliver the information via a transmit
communication vector that includes sense electrodes 30%a and 308b, or either sense
clectrode 308a-b and shock electrode 308¢. Additionally, in some examples, device 2
may include more than one electrode disposed on s housing (e.g. can). In such
examples, additional transmit commumication vectors may be made from pairing any
of the electrodes 308a-c to any of the electrodes disposed on the housing of device 2.
In some cases, device 1 and/or device 2 may automatically select an appropriate
transmit commumication vector. For example, device | and/or device 2 may be
programmed to minimize connmonication power, maximize signal-to-noise ratio,
minimize undesirable tissue stimuldation (e.g. heart capture, phrenic stimulation),
optimize impedance, and/or achieve some balance of these and/or other

characteristics. In some cases, device 1 and/or device 2 may collect and send
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mformation to a physician so that the physician can manoally select an appropriate
fransmit communication vector.

Additionally, in examples where device | also transmits messages or data to
device 2, device 2 may sense for messages and/or data from device | via one or more
sense commurtication vectors. In some examples, the sense communication vector
may be the same as the transmit communication vecior. However, in other examples,
device 2 moay sense for messages and/or data from device 1 via a sense
communication vector that differs from the transmit commumication vector via which
device 2 transmits messages and/or data {o device 1. For example, if device 2
transtoits messages and/or data via a transmit comupunication vector that includes a
shock electrode 308¢ and an clectrode disposed on the housing (¢.g. can) of pulse
generator 306, device 2 may sense for messages and/or data from device 1 via a sense
commumication vector that includes sense clectrodes 308a and 308b. However,
device 2 moay use other sense communication vectors for sensing messages and/or
data as desired, including all other combinations of electrodes other than shock
electrode 30&c and the corresponding electrode disposed on the housing (e.g. can) of
device 2. Accordingly in such examples, device 2 may sense for messages and/or
data from device | via any sense conwnunication vector that mclades a pair of
electrodes which differs from the pair of electrodes that include the transmit
communication vector,

Figare 6 iHustrates an exanple where Device 1 determines that 2 detected
tachyarrhythiia is not hikely to be susceptible to ATP therapy. Accordingly, device |
does not conmmunicate a “suspend” command to device 2, and deviee 2 continues to
charge the capacitor. Upon charging the capacitor to the predefined energy level,
device 2 dehivers one or more defibrillation pulses, as shown at 610.

Figure 7 illustrates an example where device | determines that a detected
tachyarrhythmis is likely to be susceptible to ATP therapy. Accordingly, device 1
sends a “suspend” command, as represented by line 713, to device 2. This suspend
command may be sent using a telemetry module of device 1. The suspend command
may be received via a telemetry modude of device 2. In response, device 2 may
continue {o charge the capacitor to the predefined encrgy level, but may not
mmmediately deliver the one or more defibrillation pulses after the capacitor reaches
the predefined energy level. Instead, device 2 may enter a wait state. Device 1 may

then deliver ATP therapy to the heart of the patient, as indicated by box 720. In some
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mstances, device 1 may be configured to only deliver ATP therapy for a period of
time less than the time it takes to charge the capacitor to the predefined encrgy level.
In other instances, device 1 may be configured to deliver ATP therapy for a longer or
shorter time period, as desired. After delivering the ATP therapy, deviee 1 and/or
device 2 may determine whether the delivered ATP therapy terminated the
tachyarrhythmia. 1f the ATP therapy did not terminate the tachyarrhythmia, device 1
may cormgnwmicate a “resume” or “shock” command to device 2, as indicated by line
71S. Once device 2 receives the resume or shock command, device 2 may deliver one
or more defibrillation pulses to the heart of the patient in accordance with the
defibrillation shock therapy program, as indicated by box 710,

In instances where the ATP therapy did terminate the tachyarrhythmia at block
722, device | may commaunicate an “abort” command to device 2 instead of a resume
or shock command. After receiving an “abort” command, device 2 may cease the
defibrillation shock therapy program, and not deliver defibrillation pulses fo the heart
of the patient. The capacitor may be discharged in a safe manner.

In some cascs, instead of relying on device 1 for a resume or shock command
m order for device 2 to deliver one or more defibrillation pulses following a suspend
command, device 2 may determine on its own whether the delivered ATP therapy
terminated the tachyarrhythmia. For example, after receiving a “suspend” command,
device 2 may mounitor the delivery of ATP therapy by device 1. After device |
finishes delivering ATP therapy, device 2 may determing on its own whether the ATP
therapy was successful. If device 2 determines that the ATP therapy was not
successful, device 2 may continue on with any defibrillation shock therapy program
and deliver one or more detibrillation pulses. If device 2, however, determines that
the ATP therapy was successtul, device 2 may abort the defibrillation shock therapy
program and safely discharge the capacitor.

In some cases, rather than monttoring the delivery of ATP therapy by device
1, device 2 may be configured to wait 2 predetermained period of time after receiving a
“suspend” command to determine whether the tachyarthythmia is still ocourring. I
the tachyarthythmia is still occurring after the expiration of the predetermined period
of time, device 2 may continue with the defibrillation shock therapy program and
deliver one or more defibrillation pulses 1o the heart of the patient. [fthe
tachyarrhythmia is not still sccwrring, device 2 may abort the defibrillation shock

therapy program and safely discharge the capacitor. In still other examples, device 2
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may employ such a timing mechanism in addition to the command communications
between device 1 and device 2 as a backup mechanism.

In yet another alternate example, there may be ne communication between
device 1 and device 2. For example, device 1 may not send any “suspend” or
“resume” or “shock” commands to device 2, and neither device may commumicate
determinations of tachyarrhythunias to cach other. For example, both device 1 and
device 2 may mdependently determine an occurrence of a tachyarrhythmia. Device |
may then determine whether the tachyarrhythmia is susceptible to ATP therapy and, if
so, deliver ATP therapy. Device 2 may begin charging a capacitor and, cither just
before the capacitor is finished charging or after the capacitor has finished charging,
device 2 may determine whether the tachyarrhythmia is still occurring, 1f the
arrhythmia is still occurring, device 2 may then deliver one or more defibrillation
pulses to the heart. In some cxamples, device 2 may be configured to wait 3
predetermined amount of time after the capacitor is finished charging before
determining whether the tachyarrhythmia is still ocowrring. In such examples, the
time taken for the capacitor to charge may give device 1 cnough time {o detormine
whether to deliver ATP therapy and to attenpt to terminate the tachyarrhythmia
before device 2 delivers one or more defibrillation pulses. Additionally, withholding
the defibrillation until after ATP therapy has been attempted, in at least some
instances, may be safer for a patient. In this manner, device 1 and device 2 may
operate n concert with cach other to deliver coordinated electrical stimulation therapy
without actually requiring the sending of communication signals between the devices.

Figures 8 and 9 illustrate another cxample operational technique for delivering
clectrical stimulation thorapy to a heart of a patient. Figures 8 and 9 tlustrate
timelines 814 and 914, which mclade an onset of a tachyarrhythoia at times 812 and
912, along with varicus functions performed by Device | and Device 2. In the
examples of Figures 8 and 9, dovice 1 may be an LCP, such as LCP 100 described
with respect to Figure 1 and device 2 may be MDD 200 described with respect to
Figure 2. However, n other examples, device | and device 2 may represent other
devices. Additionally, other systems may employ any disclosed techniques which
mchude additional devices, for example diagnostic only devices.

As with the examples of Figures 6 and 7, in the examples of Figares R and 9,
after determining the occurrence of the tachyarrhythmia at times 812 and 912, device

1 may begin to determine whether the tachyarrhythmis is likely to be susceptible to
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ATP therapy, as indicated by boxes 806 and 906, Additionally, after determining the
occurrence of the tachyarrhythinia at times 812 and 912, device 2 may begin g
defibrillation shock therapy program. For example, device 2 may begin to charge a
capacitor to a predefined energy level, as indicated by boxes 808 and 908, Unlike the
examples of Figures 6 and 7, in the examples of Figures & and 9, device 2 may not
deliver one or more defibrillation pulses to the heart of the patient until receiving a
command from device 1.

Figure 8 ilhustrates an example where device 1 determines that the detecied
tachyarrhythimia is likely to be susceptible to ATP therapy. Accordingly, device |
may deliver ATP therapy, as indicated by box 820. In some instances, device 1 may
be configured to only deliver ATP therapy for a peried of time less than the fime 1t
takes to charge the capacitor to the predefined encrgy level. However, in other
instances, device 1 may be configured to deliver ATP therapy regardless of time it
takes to charge the capacitor. After delivering ATP therapy, device 1 may determine
whether the ATP therapy terminated the tachyarthythinia, as indicated by box 822, I
device | determines that the ATP therapy failed to terminate the tachyarchythunia,
device 1 may communicate a “shock”™ command to device 2, as indicated by line 815,
Device 2, after charging the capacitor 1o the predefined energy level, may dehiver one
or more defibrillation polses in accordance with the defibrillation shock therapy
program, as indicated by box 810, Incases where device 1 detormines that the ATP
therapy was successfish in terminating the tachyarrhythmia, device 1 may send an
“abort” command to device 2 mstead of a resume or shock command. Upon receiving
an “abort” command, device 2 may cease the defibrillation shock therapy program,
and not deliver defibrillation pulses to the heart of the patient.

As with the examples of Figures 6 and 7, mstead of relying on device | fora
resume or “shock”, device 2 may determine on its own whether the delivered ATP
therapy terminated the tachyarrhythmia. For example, device 2 may be configured to
wait a predeternyined period after deterouining an occurrence of a tachyarrhythoda and
then determine whether the tachyarrhythmia is still occorring. 1 the tachyarrhythmia
is still occuring after the expiration of the predetermined period of time, device 2
may continue with the defibrillation shock therapy program and deliver one or more
defibrillation pulses to the heart of the patient. I the tachyarrhythmia is not sull
ocourring, device 2 may abort the defibrillation shock therapy program and safely

discharge the capacitor. Although, in other examples, device 2 may employ such a
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timing mechanism in addition to the command communications between device | and
device 2 as a backup mechanism.

Figure 9 illustrates an example where device 1 deoterorines that the
tachyarrhythmia is not susceptible to ATP therapy. Accordingly, device | may
communicate a “shock” command to device 2, as indicated by line 915. Where
device 2 has not yvet finished charging the capacitor, as ilfusirated in Figore 9, device
2 may finish charging the capacitor before delivering one or more defibrillation pulses
in accordance with the defibrillation shock therapy program. However, if device 2
has already finished charging the capacitor before receiving the “shock” command,

fevice 2 may immediately deliver one or more defibrillation pulses in accordance
with the defibrillation shock therapy program.

Figures 10 and 11 illostrate another example operational techunique for
dehivering clectrical stimulation therapy to a heart of a patient. Figures 10 and 11
dlustrate timelines 1014 and 1114, which include an onset of 2 tachyarrhythmia at
times 1012 and 1112, along with varions functions performed by device 1 and device
2. Inthe examples of Figures 10 and 11, device 1 may be an LCP, such as LCP 100
described with respect to Figure i, and device 2 may be MDD 200 such as described
with respect to Figure 2. In other examples, device | and/or device 2 may represent
other devices, such as diagnostic only device.

As with the examples of Figures 6 and 7, in the examples of Figures 10 and
11, after determining the occurrence of a tachyarrhythunia at times 1012 and 1112,
device 1 may begin to determine whether the tachyarrhythmia is likely to be
susceptibie to ATP therapy, as indicated by boxes 1006 and 1106. Unlike the
examples of Figures 6 and 7, device 2 may not take any action untdl receiving a
command from device 1.

Figore 10 depicts an example where device | determines that a
tachyarrhythmisa is not likely to be susceptible to ATP therapy. Accordingly, device 1
may send a “shock” comumand to device 2, as represented by Hoe 1015, Inthe
example of Figure 10, only afier device 2 has received the “shock” command from
device 1, does device 2 begin the defibrillation shock therapy program, starting with
charging the capacitor 1o a predefined energy level, as shown by box 1608, Unce the
capacitor has been charged to the predefined energy level, device 2 may deliver one
or more defibrillation polses to the heart of the patient in accordance with the

defibriliation shock therapy program, as shown by box 1010,
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Figure 11 depicts an example where device 1 determines that the
tachyarrhythimia is likely to be susceptible to ATP therapy. Here, device 1 may
dehiver ATP therapy to the heart of the patient, as indicated by box 1120, Device 1
may then determine whether the ATP therapy was successful in terminating the
tachyarrhythmia, as indicated by box 1122, In the example of Figure 11, device | has
determined that the ATP therapy was not successful in terminating the
tachyarrhythmia. Accordingly, device 1 may send a “shock” convmand 1o device 2.
Device 2 may then begin charging a capacitor to 8 predefined energy level, as
mdicated by box 1108, Device 2 may then, after haviog charged the capacitor to the
predefined encrgy level, deliver one or more defibriliation shocks to the heart of the
patient n accordance with the defibrillation shock therapy program, as shown by box
1110, In the event that device 1 determines that the ATP therapy was successful in
terminating the tachyarrhythmia, device 1 may not send 3 “shock” command to device

Figure 12 illustrates another example operational technique for delivering
clectrical stimulation therapy to a heart of a patient. Figure 12 illustrates timeline
1214, which includes an onset of a tachyarrhythoua at time 1212, along with various
fumctions performed by device 1 and device 2. In the example of Figure 12, device |
may be an LCP, such as LCP 100 described with respect to Figure 1, and device 2
may be MD 200 such as that described with respect to Figure 2.

As with the examples of Figures 6 and 7, in the example of Figure 12, after
determining the cecurrence of the tachyarrhythmia at time 1212, device 1 may begin
{0 determine whether the detected tachyarrhythmia is likely to be susceptible to ATP
therapy, as indicated by box 1206. In this case, device 2 may also detect the
occurrence of the tachyarrhythmia at time 1212, cither on its own or with the aid of
device 1 and/or ancther device., After determining the occurrence of a
tachyarrhythmis at time 1212, device 2 may begin a defibrillation shock therapy
program. For example, device 2 may begin to charge a capacitor to a predefined
energy level, as indicated by boxes 1208z and 1208b.

Unlike the examples of Figures 6 and 7, in the exanple of Figore 12, device 1
may issue a “suspend” command if device 1 determine that the detected
tachvarrhythmia is likely to be susceptible to ATP therapy. In some cases, the

“suspend” command may cause device 2 to suspend charging the capacitor as shown,
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while in other case the “suspend” command may not suspend the charging of the
capacitor.

Retorring specifically to the example shown in Figare 12, i device |
determines that the tachvarthythmia is likely to be susceptible to ATP therapy, device
I may communicate a “suspend” command to device 2, as indicated by hne 1213,
This “suspend” command may cause device 2 (o suspend charging the capacitor, as
wmdicated by box 1208a. Device 1 roay then deliver ATP therapy to the heart of the
patient, as indicated by box 1220, If device | determines that the ATP therapy was
successful in terminating the tachyarrhythmia, device 1 may send an “abort”
command to device 2, instead ot a “shock” command. Upon receiving the “abort”
command, device 2 may cease the defibrillation shock therapy program, ¢.g. not
deliver defibrillation pulses, and discharge the capacitor in a safe manmer. However,
if device 1 determines that the ATP therapy failed to terminate the tachyarrhythmia,
device 1 may communicate a “shock”™ convmand to device 2, as indicated by line
1218,

Upon receiving a “shock” command, device 2 may contimue to chasge the
capacitor to the predefined energy level, as indicated by box 1208b. Once device 2
has charged the capacitor to the predefined energy level, device 2 may then deliver
one or more defibrillation shocks to the heart of the patient in accordance with the
defibriliation shock therapy program, as indicated by box 1210

As with previous examples, instead of relving on device 1 for a “shock”
command in order for device 2 o finish charging the capacitor to the predefined
energy level, device 2 may be configured to wait a predetermined period of time after
receiving the “suspend” command to determine whether the tachyarrhythimia is still
occwring. [f the tachyarrhythmia s still occurring after the expiration of the
predetermined period of time, device 2 may then continue to charge the capacitor to
the predefined energy level and then deliver one or more defibriliation pulses to the
heart of the patient. If the tachyarrhythnma is not still ocourring, device 2 may abort
the defibrillation shock therapy program and safely discharge the capacitor. Insome
mstances, device 2 may employ such a timing mechanism in addition to the command
communications between device 1 and device 2 as a backup mechanism.

As mentioned previously, the examples of Figures 6-12 should not be viewed
as himiting the techniques disclosed herein to a system with only two medical devices,

or even to the specific splitting of functions depicted in Figures 6-12. For instance, as
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described previcuosly, a system employing the disclosed techniques may inchuide a
third device which commumnicates determinations of arrhythmias to device 1 and/or
device 2. In another example, device 2 may include capabilities for performing ATP
therapy. In such examples, device | may be a diagnostic only device. Device | may
still make determinations about susceptibility or whether delivered ATP therapy was
successfish, but device 2 may actually perform the ATP therapy (device 1 may also
stitl commumicate the vadious commands to deviee 2). These are just some examples
of differences from the specific depicted examples that should be umderstood to be
within the spirit of this disclosure.

Another variation on the above described techniques is that jnstead of taking
action based on determinations of tachyarrhythmias, device 1 and/or device 2 may
take action based on electrical activity which may precede vecurrences of
tachyarrhythmias. As onc cxample, device 1 and/or device 2 may analyze cardiac
clectrical activity to detect T-wave alternans. T-wave aliernans have periodic beat-to-
beat variation in the amplhitude or morphology of the T-wave. Upon determining an
occurrence of T-wave alternans {either through direct analysis of the cardiac clectrical
activity or based on 2 received determination of an occurrence of T-wave alternans),
device 1 and/or device 2 may adiust the clecirical stimulation therapy protocol used
after determining an occurrence of a tachyarrhythmia. For example, since T-wave
alternans arc more closely associated with polymorphic ventricular tachycardia than
monomorphic veniricular tachycardia, a system comprised of device 1 and device 2
may be configured to eliminate the step of determining whether the determined
tachyarrhythimia is susceptibie to ATP therapy. Instead, the system may proceed
directly to shock therapy after determining an occurmrence of an archythimia, Tn some
examples, the system may compare the detected T-wave alternans o a predetermined
threshold, for example a difference in amplitude or morphology of the T-waves of
consecutive beats, and may only eliminate determining whether a tachyarrhythmia is
susceptible to ATP therapy and proceeding divectly to shock therapy if the difference
m amplitude and/or morphology of the T-waves is greater than the predetermined
threshold.

in other examples, device 1 and device 2 may take action based on changes to
determined physiclogical parameters instead of determinations of osceurrences of
tachyarrhythmias. For instance, rather than using any determined physiological
parameters o determine occurrences of tachyarrhythimias, as described previously,

~
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device 1 and/or device 2 may monitor one or more physiclogical parameters and take
one or more actions directly based on any change in one or more physiological
parameters. Such physiological parameters may include, but are not limited 1o,
contractility, heart sounds, cardiac output, and posture.

One example of how such physiological information may be used relates to i
cardiac output drops below a predetermined level. In such examples, the system
could be configured to cluninate any steps of determining whether an arrhythiia
would be susceptible to ATP therapy or any other attempt at classification.
Additionally or alternatively, the system may climinate any steps of attempiing ATP
therapy and proceed directly to delivering shock therapy when appropriate. Sucha
modification to the shock therapy protocol may reduce the ikelihood of the patient
losing conscicusness. In another example, the system may determine during pulscless
clectrical activity (PEA) (a.k.a. electromechanical dissociation) which occurs when a
heart thythm is observed on an clectrocardiogram that should be producing a
mechanical contraction of the heart, but is not, PEA can be detected by device 1
and/or device 2 by the detection of R-waves but lack of detection of any mechanical
cardiac motion {c.g. heart sounds, blood pressure changes, heart wall motion). Since
neither shock therapy nor ATP therapy are effective treatments for PEA, the system
may switch to a mode where the system is configured to not debiver any electrical
stimlation therapy, vegardiess of any indications of arrhythmias based on sensed
clectrical activity or other physiclogical parameters. The syster could be also be
configired to immediately contact emergency medical personal.

In yet other cxamples, instcad of, or in addition o, communicating the
previously described “suspend”, “shock”, and/or “abort” commands, device 1 may be
configured to modify the defibrillation shock therapy program of device 2 in other
ways. For example, device 1 may communicate a specific predefined energy level to
device 2, and device 2 may charge the capacitor to the received predefined energy
level justead of the predefined energy level device 2 had determined. In some cases,
this may operate to shorten the time for the device to deliver the one ov more
defibrillation pulses in accordance with the defibrillation shock therapy program.
Device 1 may additionally or alternatively commumnicate commands to device 2 which
alter other aspects of the defibnillation shocek therapy program, such as the namber of
defibrillation pulses, the amplitade of the defibrillation pulses, the pulse width of the

defibriliation pulses, the phases of the defibrillation pulses, and/or other
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morphological features of the defibrillation pulses. Device I may alter such aspects
of the defibriliation shock therapy program based on the heart rate parameter, the
morphology parameter, the rhythm regularity parameter, any of the physiological
parameters discussed above, or any combination of such parameters,

Figure 13 is a flow diagram of an illustrative 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 i Figures 3 and 4. Although the method of Figure 13
will be described with respect to LCP 100, the iHlustrative method of Figure 13 may
be performed using any suitable 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 atriun or ventricle, and
may receive signals related to one or more physiclogical conditions of a patient. The
received signals may be signals received at the one or more elecirades of the LCP
100, The received signals may be physiclogical signals directly sensed by the one or
more electrodes of the LCP 100, and/or signals communicated to the LCP from
another medical device, such as MD 204,

The LCP 100 may also be contfigured to determine an occurrence of an
arrhythnua, as shown at 1302, LCP {00 may further determine whether the
arrhythmia is susceptible to anti-tachycardia pacing (ATTP) therapy, as shown at 1304,
Aunother medical device that is spaced from the LCP and comunumicatively coupled to
the L.CP, may then initiate a shock therapy program, as shown at 1306, Finally, if the
arrhythmia is determined to be susceptible to ATP therapy, LCP 100 may be
configured to modify the shock therapy program of the medical device.

Those skilled in the art will recognize that the present disclosure may be
manifested in a variety of forms other than the specific examples described and
contemplated herein. For instance, as described herein, various examples include one
or more modeles described as performing various functions, However, other
examples may include addifional modules that split the described functions up over
motre modules than that described herein.  Additionally, other examples may
consolidate the described functions into fewer modules. Accordingly, departure in
form and detail may be made without departing from the scope and spirit of the

present disclosure as described in the appended claims.
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WHAT IS CLAIMED IS:

L. A medical device system for delivering electrical stimulation therapy
10 a heart of a patient, the system comprising:

a leadless cardiac pacemaker (LCP) configured to be implanted within a heart
of a patient and configured to determine occurrences of cardiac arrhythmias;

a medical device configured to determine occurrences of cardiac arrhythmias
and to deliver defibrillation shock therapy to the patient, wherein the LCP and the
medical device are housed separately from one another and communicatively coupled,
and

wherein afier the LCP determines an occurrence of a cardiac arthythoua, the

LCP 1s configured to modify the defibrillation shock therapy of the medical device.

2. The system of claim 1, wherein the LCP determines an occurrence of a
cardiac archythimia based, at feast in part, on one ot more received physiological

signals or indications of one or more physiclogical conditions of the patient.

3. The system of clatm 2, where the one or more received physiological
signals comprise one or mwore of:

cardiac clectrical activity;

contractility of the heart of the patient;

cardiac output of the heart of the paticut; and

hearis sounds.

4. The system of any one of claims 1-3, wherein the defibrillation shock
therapy comprises, after the medical device determines an occurrence of a cardiac
arrhythmia:

charging a capacitor to a predefined level; and

after charging the capacitor to the predefined level, delivering one or more
defibrillation pulses to the heart of the patient using at least some energy stored in the

capacitor.

S. The system of claim 4, wherein to modify the defibrillation shock

therapy of the medical device, the LCP 1s configured to:
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determine whether the cardiac arthythmis is susceptible to anti-tachycardia
pacing (ATP) therapy; and

if it is determined that the cardiac arthythinia is susceoptible o ATP therapy,
communicate a suspend message to the medical device and deliver ATP to the heart

of the paticnt.

6. The system of claim 4, wherein to modify the defibrillation shock
therapy of the medical device, the LCP is configured to effect one or more of the
following:

modification of an anaplitude of the one or more defibrillation pulses;

modification of a timing of delivery of the one or more defibrillation pulses;
and

cessation of delivery of the one or more defibrillation pulses.

7. The system of claim 5, wherein the suspend message causes the
medical device to suspend delivering one or more defibrillation pulses to the heart of

the paticnt after charging the capacitor to the predefined level

8. The system of ¢laim §, wherein the sospend message causes the

medical device to cease charging the capacitor.

9. The system of any one of claims 3, 7, or 8, wherein to modify the
shock therapy of the medical deviee, the LCP is further configured to:

determine whether & delivered ATP therapy terminated the arrhythoua;

if it is determined that the delivered ATP therapy terminated the arrhythumia,
commmunnicate an abort conmnand to the medical device;

if it is determined that the delivercd ATP therapy failed to terminate the

arrhythinia, convuunicate a resume command to the medical device.

10. The system of claim 9, wherein, after receiving the resume command,
the medical device is configured to deliver one or more defibrillation pulses to the

heart of the patient.
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It The system of any one of claims 3 or 7-10, wherein to determine if the
arrhythmisa is susceptible to ATP therapy, the LCP is configured to determine
whether:

a beat rate of the heart of the patient s less than a threshold beat rate;

a regolarity of a beat rhythim of the heart of the pationt is greater than a
threshold regularity; and/or

the arrhythnia is monomorphic.

12, The system of any onc of claims 1-11, wherein the medical device
determines cccurrences of cardiac archythumias based, at least in part, on one or more

signals recetved from the LCP.

13. The system of any one of claims 1-4, wherein to modify the shock
therapy of the medical device, the LCP is configured to:

determine whether the cardiac arrhythmia is susceptible to ATP therapy:

if it is determined that the cardiac archythmia is susceptibic (o ATP therapy,
dehiver ATP therapy to the heart of the patient;

determine whether the dehivered ATP therapy terminated the arrhythmia;

if it 15 determined that the delivered ATP therapy terminated the arrhythmia,
commumicate an abort command to the medical device; and

if it is deternined that the delivered ATP therapy failed to terminate the

arrhythmia, communicate 8 shock command to the medical device.

14, The system of clavm 13, wherein the shock command causes the

medical device to deliver one or more defibrillation pulses to the heart of the patient.

15.  The system of any one of claims 1-14, wherein the medical device is a

subcutaneous implantable cardioverter-defibrillator,
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DETERMINE AN OCCURRENCE OF AN ARRHYTHMIA _/

v

WITH A LEADLESS CARDIAC PACEMAKER (LCP),
DETERMINE WHETHER THE ARRHYTHMIA IS 1304
SUSCEPTIBLE TO ANTI-TACHYCARDIA PACING (ATP) ‘/
THERAPY
v
1306

WITH A MEDICAL DEVICE THAT IS SPACED FROM THE
LCP AND COMMUNICATIVELY COUPLED TO THE LCP, /
INITIATE A SHOCK THERAPY PROGRAM

A

1308

WITH THE LCP, IF THE ARRHYTHMIA IS DETERMINED TO ‘/
BE SUSCEPTIBLE TO ATP THERAPY, MODIFY THE

SHOCK THERAPY PROGRAM OF THE MEDICAL DEVICE

FIGURE 13
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