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(57) Abstract: Systems and methods for coordinating
treatment of abnormal heart activity using multiple
implanted devices. In one example, a method of oper-
ating a medical system may comprise determining, by
a first one of a plurality of implantable medical
devices, a presence of an arrhythmia, wherein the first
one of a plurality of implantable medical devices uses
a first discrimination method to determine the pres-
ence of an arrhythmia, determining, by a second one
of the plurality of implantable medical devices, a pres-
ence of an arrhythmia, wherein the second one of a
plurality of implantable medical devices uses a second
discrimination method to determine the presence ot an
arrhythmia, and communicating, by the first one of
the plurality of implantable medical devices to a
second one of the plurality of implantable medical
devices, a message that is indicative of a detected ar-
rhythmia by the first one of a plurality of implantable
medical devices.



WO 2015/200527 PCT/US2015/037504

SYSTEMS AND METHODS FOR TREATING
CARDMAC ARRHYTHMIAS

CROSS-REFERENCES TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No.
62/016,918, filed June 25, 2014, This application is also a Continuation-In-Part of U.S.
Application Serial No. 14/592,723, filed January 8, 2015 and titled "SYSTEMS AND
METHODS FOR TREATING CARDIAC ARRHYTHMIASR” which claimos the
benefit of U.S. Provisional Application No. 61/926,068, filed January 10, 2014, the

disclosures of which are hereby incorporated by reference.

TECHNICAL FIHLD

The present disclosure generally relates to systems, devices, and methods for
detecting cardiac arrhythmias and, more specifically to multiple device systems,

methods, and devices for detecting and identifving cardiac arrhythmias,

BACKGROUND

conditions that may result in a reduced ability of the heart to deliver sufficient amounts
ot blood to a patient’s body. These heart conditions may lead to rapid, irregular, and/or
inefficient heart contractions. To help alleviate some of these conditions, various
devices {e.g., pacemakers, defibrillators, etc.) can be umplanted in a patient’s body.
Such devices may monitor and provide electrical stimulation to the heart to help the
heart operate in 2 more normal, efficient and/or safe manner. In some cases, 2 patient

may have multiple implanted devices.

The present disclosure relates generally to systems and msethods for
coordinating detection and/or treatmeont of abnormal heart activity using multiple
implanted devices within 2 patient. It is contemplated that the mulitiple implanted
devices may inciude, for example, pacemakers, defibrillators, diagnostic devices,
and/or any other suitable implantable devices, as desired.

{n a fivst embodirent, a method of operating a roedical system may coraprise

determining, by a first one of 2 plurality of implantable medical devices, a presence of
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an arrhythmia, wherein the first one of a plurality of implantable medicatl devices uses
a first discrimination method to determine the presence of an arrhythiia, o some
embodiments, the raethod may further comprise determining, by a second ove of the
phurality of implantable medical devices, a presence of an arrhythmia, wherein the
second one of a plurality of implantable medical devices uses a second discrimination
method to determine the presence of an arrhythoia. Finally, 1o some embodiments,
the method may further comprise communicating, by the first one of the plurality of
tmpiantable medical devices to a second one of the plurality of implantable medical
devices, a message that is indicative of a detected arrhythmia by the first one ot a
plurality of tmplantable medical devices.

Additionally, or alternatively, in any of the above embodiments, the first one
of a plurality of implantable medical devices may be a leadless cardiac pacemaker
{LCP), and the second one of a plurality of iruplantable medical devices may be a
subcutaneous implantable cardioverter-defibriliator (SICD),

Additionally, or alternatively, in any of the above embodiments, the first
diserimination method may determine the presence of an arrhythinia faster than the
second discrimunation method.

Additionally, or alternatively, in any of the above embodiments, the first
discrimination method may use heart rate only to determine the presence of an
arvhythmia, and the second discrimination method may not use heart rate only to
deterraine the presence of an arrhythmia,

Additionally, or alternatively, in any of the above embodiments, the second
diserimination method may not use heart rate to determine the presence of an
arvhyihmia,

Additionally, or alternatively, in any of the above embodiments, the second
discrimination method may use one or more of! egram morphology, heart rate
stability/instability, arrhythiia onset time, duration of an arrhythiua, blood pressure,
cardiac output, comparison of atrial and ventricular rates, and cardiac conduction
times.

Additionally, or alternatively, in any of the above embodinents, the second
discrimination method may use two or more versions of an egrarn generated by

spectral filtering.
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Additionally, or alternatively, in any of the above embodiments, the second
diserimination method may use signals from one or more electrodes that are i
different cardiac locations than the first discrimnination method.

Additionally, or alternatively, in any of the above embodiments, the second
one of the phurality of implantable medical devices may begin determining a presence
of an arrhythoua atier receiving a message that is idicative of a detected arrhythiia
from the first one of a plurality of implantable medical devices.

in another embodiment, an implantable medical device may comprise a
housing;

a plurality of electrodes connected to the housing; and a controller disposed
within the housing. In some embodiments, the controlier may be configured to
receive cardiac electrical signals via the plurality of electrodes, determine a presence
of an arrhythmia using a fivst discrimination method and based at least in part on the
cardiac clectrical signals, and after determining a presence of an arrhythmia using the
first discrimination method, communicating a message indicative of a detected
arrhythmia to a separate implantable medical device spaced apart from the
mmplantable roedical device. Additionally, in some of these erobodirnents, the
separate medical device may be configured to determine a presence of an arrhythoua
using a second discrimination method that s different from the first discrimination
method.

Additionally, or alternatively, in any of the above embodiments, the first
discrimination method may use heart rate to determine the presence of an arrhythmia.

Additionally, or alternatively, in any of the above embodinents, the second
discrimination method may not use only heart rate to deternune the presence of an
arrhythmia.

Additionalty, or alternatively, in any of the above embodiments, the second
discrimination method may not use beart rate to determine the presence of an
arrhythmia.

Additionally, or alternatively, in any of the above embodiments, the second
discrimination method may use one or more of: egram morphology, heart rate
stability/instability, arrhythinia onset time, duration of an arrhythimia, blood pressure,
cardiac output, comparison of atrial and ventricular rates, and cardiac conduction

times.
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Additionally, or alternatively, in any of the above embodiments, the separate
nviplantable medical device may be configured to begin determining a presence of an
arrhythmia after receiving a message that is indicative of a detected arrhythmia from
the implantable medical device.

Additionalty, or alternatively, in any of the above embodiments, the
iroplantable medical device may be a leadless cardiac pacemaker (L.CP), and the
separate implantable medical device may be a subcutancous implantable cardioverter-
defibrillator {(SKCD).

In still another embodiment, an implantable medical device system may
comprise a first implantable roedical device configured to determine a presence of an
arrhythmia using a first discrimination method, and a second implantable medical
device configured to determine a presence of an arrhythmia using a second
discrimination method. In some of these embodiments, after determining a presence
of an arrhythmia, the second implantable medical device may communicate a message
indicative of a detected arrhythmia to the first implantable medical device.
Additionally, the first discriynination method may be different than the second
discrimination method.

Additionally, or alternatively, in any of the above embodiments, the first
implantable medical device may be configured to begin determining a presence of an
arvhythmia after receiving a message that is indicative of a detected arrhythmia from
the second implantable roedical device.

Additionally, or alternatively, in any of the above embodiments, the first
nviplantable ywedical device may be configured to begin charging a capacitor of a
shock channel afier receiving the message indicative of a detected arrhythoua from
the second implantable medical device.

Additionalty, or alternatively, in any of the above embodiments, the first
implantable medical device, after beginning to charge the capacitor of the shock
channel, may be configured to determine a presence of an arrhythoia usiog the
second discrimination method, and after determining 8 presence of an arrhythmia
using the second discrimination method, delivering a defibrillation pulse via the shock
channel.

Additionally, or alternatively, in any of the above embodiments, the first
implantable medical device, after receiving the message indicative of a detected
arvhythmia from the second implantable medical device, may be configured to

4
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determine a presence of an arrhythmia using the second discrimination method, and
after determining a presence of an arrhiythimia, begin charging a capacitor of a shock

channel.

Additionalty, or alternatively, in any of the above embodiments, the second
discrimination method roay determine the presence of an arrhythnua faster than the
first discrimination method.

Additionally, or alternatively, in any of the above embodiments, the second
diserimination method may use heart rate only to determine the prescuce of an
arrhyithmia, and the first discrimination method may not use heart rate only to
determine the presence of an arrhythmia.

Additionalty, or alternatively, in any of the above embodiments, the first
discrimination method may not use beart rate to determine the presence of an
arrhythmia.

Additionally, or alternatively, in any of the above embodiments, the first
diserimination method may use one or more of: egram morphology, heart rate
stability/instability, arrhythinia onset time, duration of an arrhythiia, blood pressure,
cardiac cutput, comparison of atrial and ventricular rates, and cardiac conduction
times.

Additionally, or alternatively, in any of the above embodiments, the first
iraplantable medical device may be a subcutancous iroplantable cardioverter-
defibrillator (SICD), and the second implantable medical device may be a leadless
cardiac pacemaker (LCP).

In yet another erobodument, a medical device system may comprise a leadless
cardiac pacemaker (LCP) comprising a housing, a plurality of electrodes connected to
the housing, and a controller disposed within the housing. In some embodiments, the
controlier may be configared to receive cardiac electrical signals from the phurality of
electrodes, and determine a presence of an arrhythoua using a first discrimination
method and based at least in part on the recetved cardiac signals. The system may
additional comprise a subcutaneous implantable cardioverter-defibriliator (SICD)
comprising a housing, a phurality of electrodes, and a controller disposed within the
housing. The controller may be configured to receive cardiac electrical signals from
the plurality of electrodes, determine a presence of an arrhythmia using a second
discrimination method and based at least in part on the received cardiac signals, and

5
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after determining a presence of an arrhythmia, communicating a message indicative of
a detected arthythinia to the LCP. In at least some of these embodirnents, the first
discrimination method and the second discrimination roethod may be ditferent.

Additionsally, or alternatively, in any of the above embodiments, the LCP may
be configured to begin determining a presence of an arrhythmia using the first
discrimination method afier receiving the message indicative of a detected
arrhythmia, and, after determining a presence of an arrhythmia using the first
discrimination method, initiate anti-tachycardia pacing (ATP) therapy.

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

accorpanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more completely understood in consideration of the
following description of various illustrative emboduments in connection with the
accompanying drawings, in which:

Figure 1 illustrates a block diagram of an exemplary medical device that may
be ased in accordance with various examples of the present disclosure;

Figure 2 illustrates an cxemplary leadless cardiac pacemaker (LCP) having
electrodes, according to one example of the present disclosure;

Figure 3 is a schematic diagram of an exemplary medical system that includes
multiple leadless cardiac pacemakers (LCPs) and/or other devices in conununication
with one another of the present disclosure;

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

Figure § is a schematic diagrar of the a system including an LCP and another
medical device, in accordance with another example of the present disclosure;

Figure 6 is a schematic diagrarn thwntrating a multiple leadless cardiac
pacemaker (LCP) systern 1o accordance with another exarople of the present disclosure;

Figure 7 is a schematic diagram illustrating a multiple lcadless cardiac
pacemaker (LCP) system, in accordance with yet another example of the present

diaclosure;



WO 2015/200527 PCT/US2015/037504

Figure & is a schematic diagram illustrating a owltiple leadless cardiac
pacemaker (LCP) systern where two LCPs are implanted within a single chamber of 2
heart, in accordance with yvet another example of the present disclosure;

Figure 9 is a schematic diagram illustrating a multiple lcadless cardiac
pacemaker (LCP) system where one of the LCPs is implanted on an epicardial surface
of a heart, in accordance with another example of the present disclosure;

Figure 10 is 3 block diagram of an exemplary medical system including a master
device and multiple slave devices;

Figures 11 shows an ilhustrative timing chart of trigger signals from a first

fevice causing pacing pulses 1o be delivered by a second device;

Figure 12 shows an illustrative timing chart where a trigger signal from a first
device causes a second device to deliver a series of pacing pulses;

Figure 13 shows an illustrative timing chart where a trigger signal from a first
device causes a second device to deliver pacing pulses in accordance with a therapy
protocol;

Figure 14 shows an illustrative timing chart where a trigger signal from a first
device cause a second device to deliver pacing pulses at particular fimes relative to
sensed QRS waves of the heart;

Figure 15 is a flow diagram of an illustrative method that may be implemented
by a medical device system, such as the lustrative medical device systems described
with respect to Figures 3-10; and

Figure 16 18 a flow diagram of an illustrative method that may be implemented
by a medical device system, such as the illustrative medical device systems deseribed
with respect to Figures 3-10.

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

escribed in detail. It should be understood, however, that the intention s not to Hmit
aspects of the disclosure to the particular lustrative embodiments described. On the
contrary, the intention is to cover all modifications, equivalents, and alternatives falling

within the spirit and scope of the disclosure.

DESCRIPTION

The following description should be read with reference to the drawings in
which simnilar elersents in different drawings are numbered the same. The description
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and the drawings, which are not necessarily to scale, depict illustrative embodiments
and are not intended to limit the scope of the disclosure.

A normal, 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 cuculation of the blood throughout the rest of the body.
However, many patients suffer from cardiac conditions that affect this contractility of
their hearts. For example, some hearts may develop diseased tissues that no longer
generate or conduct minnsic electrical signals. In some examples, diseased cardiac
tissues conduct electrical signals at differing rates, thereby causing an unsynchrounized
and inefficient contraction of the heart, In other cxamples, a heart may generate
intrinsic 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 wnusually high rate. In
some cases such an abnormality can develop into a fibrillation state, where the
contraction of the patient’s heart is almost completely de-synchronized and the heart
pumps very ittle to no blood.

Many medical device systerns bave been developed 1o assist paticnts who
experience such abnormalities. For example, systems have been developed to sense
intrinsic cardiac electrical signals and, based on the sensed electrical signals, determine
whether the patient is saffering from one or more arrhythmias, Such systems may also
inchude the ability to deliver clectrical stinulation to the heart of the patient in order to
treat the detected arrhythmuas. In one example, some medical device systems include
the ability to identify when the heart is beating at too low of a rate, termed bradycardia.
Such systems may deliver electrical stimulation therapy, or “pacing pulses”, that cause
the heart to contract at a higher, safer rate. Some medical device systems are able o
determine when a heart is beating at too fast of a rate, termed tachycardia. Such systems
may further inchude one or more anti-tachycardia pacing (ATP) therapies. One such
ATP therapy includes delivering electrical stiraulation pulses to the heart at a rate faster
than the intrinsically generated signals. Although this may temporarily cause the heart
to beat faster, such a stimulation protocol may cause the heart to contract in response
to the delivered pacing pulses as opposed to the inmrinsically generated signals. The
ATP therapy may then slow down the rate of the delivered pacing pulses, thereby

reducing the heart rate to a lower, safer level.

=%
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Other medical device systems may be able to detect fibrillation states and
asynchronous contractions. For example, based on the sensed signals, some systems
may be able to deterrine when the heart 18 in a fibrillation state. Such sysiems may
further be configured to treat such fibrillation states with clectrical stimulation therapy.
One such therapy includes deliver of a relatively large amount of clectrical energy to
the heart (a “defibrillation pulse”) with the goal of overpowering any intrinsically
generated signals. Such a therapy may “reset” the heart, from an clectrical standpoint,
which may allow for normal electrical processes to take over. Other medical systems
may be able to sense that intrinsically generated signals are generated at differing tiroes
ot that the heart conducts such signals at differing rates. These abnormalities roay result
in an unsynchronized, inctficient cardiac contraction. The system may further inchude
the ability to administer one or more cardiac resynchronization therapies (CRTs). One
such CRT may include delivering clectrical stimulation to the heart at differing
focations on and/or within the heart. Such methods may help the disparate parts of the
heart to contract near simultancously, or in a synchronized manner if the system delivers
the electrical stivnulation to the disparate locations at differing times.

The present dwsclosure relates generally to systems and moethods for
coordinating detection and/or treatment of abnormal heart activity using multiple
implanted devices within a patient. In some instances, a medical device system may
inchide a plurality of devices for detecting cardiac arrhythruias and delivering electrical
stimulation therapy. For cxample, illustrative systems may include devices such as
subcutaneous cardioverter-defibrillators (8-ICD), external cardioverter-defibriliators,
nyplantable cardiac pacemakers (ICP), leadless cardiac pacernakers {LCPs), and/or
diagnostic only devices {(devices that may seunse cardiac clectrical siguals and/or
determine arrhythmias but do not deliver electrical stimulation therapies).

Figure | illustrates a block diagram of an exemplary medical device 100 {referred
to heremafter as, MD 100) that may be used n accordance with various examples of
the present disclosure. I soroe cases, the MDY 100 may be used for sensing indrinsic
cardiac activity, determining occurrences of arrhythmias, and delivering electrical
stimlation 1o response to determining an occusrence of an arthythmia.  In some
mstances, MD 100 can be unplanted within a patient’s body, at a particular location
{c.g., in close proxinity to the patient’s heart), to sense and/or regulate the cardiac
activity of the heart. In other examples, MD 1) may be located externally to a patient
to sense and/or veguolate the cardiac activity of the heart. In one example, cardiac

9
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contractions generally result from electrical signals that are intrinsically generated by a
heart. These electrical signals conduct through the heart tissue, causing the muscle cells
of the heart to contract. MD 100 may include features that allow MD 100 to sense such
clectrical signals and/or other physical parameters (e.g. mechanical contraction, heart
sounds, blood pressure, blood-oxygen levels, etc.) of the heart. Such electrical signals
and/or physical properties may be considered “cardiac activity.” MD 100 may include
the ability to determine oecurrences of arrhythmias based on the sensed cardiac activity.
in some examples, MD 100 may be able to deliver electrical stimalation to the heart in
order to treat any detected arvhythmias. For example, MD 100 may be configured to
deliver electrical stivanlation, pacing pulses, defibritlation pulses, and/or the like in
order to implement one or more therapies, such as bradycardia therapy, ATP therapy,
CRT, defibrillation, or other electrical stimulation therapies.

Figure 1 15 an lustration of one exarnple medical device 100, The tllustrative
MUD 100 may include a sensing module 102, a pulse gencrator module 104, a processing
module 106, a telemetry module 108, and a battery 114, all housed within a housing
120, MD 100 may further inclode leads 112, and electrodes 114 attached to housing
120 and m electrical comnumication with one or more of the modules 182, 104, 106,
and 108 housed within housing 120,

Leads 112 may be connected to and extend away from housing 120 of MD 100
In some examples, leads 112 are implanted on or within the heart of the patient. Leads
112 roay contain one or more electrodes 114 positioned at various locations on leads
112 and distances from housing 120, Some leads 112 may only include a single
electrode 114 while other leads 112 may include multiple electrodes 114, Generally,
clectrodes 14 are positioned on leads 112 such that when leads 112 are implanted
within the patient, one or more electrodes 114 are in contact with the patient’s cardiac
tissue. Accordingly, electrodes 114 may conduct intrinsically generated electrical
signals to teads 112, Leads 112 may, in turn, conduct the received electrical signals to
one or more modules 102, 104, 186, and 108 of MD 100, In a simiar manner, MD 100
may generate electrical stimulation, and leads 112 may conduct the generated electrical
stimnalation to electrodes 114, Electrodes 114 may then conduct the electrical signals
to the cardiac tissue of the patient. When discussing sensing intrinsic signals and
delivering electrical stimulation, this disclosure may consider such conduction implicit

in those processes.
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Sensing module 102 may be configured to sense the cardiac electrical activity
of the heart. For example, sensing module 102 may be connected to teads 112 and
clectrodes 114 through leads 112 and sensing module 102 may be configured to receive
cardiac clectrical signals conducted through electrodes 114 and leads 112. In some
examples, leads 112 may inchude various sensors, such as accelerometers, blood
pressure sensors, heart sound sensors, blood-oxygen sensors, and other sensors which
measure physiological parameters of the heart and/or patient. In other cxaraples, such
sensors may be connected directly to sensing module 102 rather than to leads 112, In
any case, sensing module 102 may be configured to receive such signals produced by
any sensots connected to sensing module 102, either directly or through leads 112,
Sensing modules 102 may additionally be connected to processing module 106 and may
be configured to commumnicate such received signals to processing module 106

Palse generator module 104 may be comnected to electrodes 114, In some
examples, pulse generator module 104 may be configured to generate an electrical
stinmilation signals o provide electrical stimulation therapy to the heart. For example,
pulse generator module 104 may geverate such 8 signal by using energy stored
battery 110 within MD 100, Pulse generator roodule 104 may be configured to generate
clectrical stimulation signals in order to provide one or mmultiple of a number of different
therapies. For example, pulse generator module 104 may be configured to generate
electrical stimulation signals to provide bradycardia therapy, ATP therapy, cardiac
resynchronization therapy, fibrillation therapy, and other clectrical stiulation
therapies. Bradycardia therapy may include generating and delivering pacing pulses at
a rate faster than the ntrinsically generated electrical signals in order to try to increase
the heart rate. Tachycardia therapy may include ATP therapy as described hercin.
Cardiac resynchronization therapy may inchude CRT therapy also described herein
Fibrillation therapy may inchude delivering a fibrillation pulse to try to override the
heart aud stop the fibrillation state. In other examples, pulse generator 104 may be
configured to generate clectrical stimulation signals to provide electrical stiroulation
therapics different than those described herein to treat one or more detected
arrhythmias.

Processing module 106 can be configured to control the operation of MD 100,
For example, processing module 106 may be configured to receive electrical signals
from sensing module 102, Based on the received signals, processing module 106 may
be able to determine occurrences of amrhythmias.  Based on any determined

It
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arrhythmias, processing module 136 may be configured to control pulse generator
moduole 104 to generate electrical stimulation in accordance with one or more therapies
to treat the determined one or roore arrhythmias, Processing module 106 may further
cceive information from telemetry module 108, In some examples, processing module
106 may use such received information in determining whether an arrhythmia is
occurring or 1o take particular action in respouse to the information. Processing module
106 may additionally control telemetry module 10¢ to send information to other
devices.

In some exanples, processing module 106 may include a pre-programmed chip,
such as a very-large-scale integration (VLSH) chip or an application specific integrated
circuit (ASIC). In such embodiments, the chip may be pre-programmed with control
togic in order to control the operation of MP 103, By using a pre-programmed chip,
processing module 106 may use less power than other programmmable circuits while able
to maintain basic functionality, thercby increasing the battery life of MD 100, In other
examples, processing module 106 may include a programmabie microprocessor. Such
a programmable microprocessor may allow a user to adjust the control logic of MD
100, thereby allowing for greater flexibility of MD 100 than when using a pre-
programmed chip. In some examples, processing module 106 may further inchude a
memory circuit and processing module 106 may store information on and read
information from the memory circuit.  In other examples, MDD 100 may include a
separate roemory circuit (not shown) that is in communication with processing module
106, such that processing module 106 may read and write information to and from the
separate memory circuit.

Telemetry module 108 may be configured to communicate with devices such as
sensors, other medical devices, or the like, that are located externally to MDD 100, Such
devices may be located either external or internal to the patient’s body. frrespective of
the location, external devices (1.e. external to the MD 100 but not necessarily external
1o the patient’s body) can comamunicate with MD 100 via telemetry module 108 1o
accomplish one or more desired functions. For example, MD 100 may communicate
sensed clectrical signals to an external medical device through telemetry module 103,
The cxternal medical device may use the communicated clectrical signals in
determining occurrences of arrhythmias, MD 100 may additionally receive sensed
clectrical signals from the external medical device through telemetry module 10¥, and
MD 100 may use the received sensed electrical signals in determining occuarrences of
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arrhythmias. In other examples, the various devices of the system may communicate
mstroctions to coordinate dehvering of electrical stinmidation therapy. Telemetry
module 108 roay be configured to use one or roore methods for communicating with
external devices. For example, telemetry module 108 may commmnicate via
radiofrequency (RF) signals, inductive coupling, optical signals, acoustic signals,
conducted communication signals, or any other signals suitable for conmunication.
Communication techniques between MD 00 and external devices will be discussed in
further detail with reference to Figure 3 below.

Battery 110 may provide a power sowrce to MD 100 for its operations. In one
exarople, battery 110 mway be a non-rechargeable hithium-based batiery. In other
examples, the non-rechargeable battery may be made from other suitable materials
known in the art. Because, in examples where MD 100 is an implantable device, access
to MDY 100 ruay be luwmted, it is necessary to have sufficient capacity of the battery to
deliver sufficient therapy over a period of treatment such as days, wecks, months, or
vears. Inother examples, battery 11{ may a rechargeable lithium-based battery in order
to facilitate increasing the useable Hifespan of MDD 100,

in general, MDD 100 may bhe strotlar to one of a nursher of existing medical
devices. For example, MD 100 may be similar to various iroplantable medical devices.
In such examples, housing 120 of MD 100 may be implanted in a transthoracic region
of the patient. Housing 120 may generally inchude any of a nwviber of known matenials
that are safe for voplantation in a buman body and may, when implanted, herretically
seal the various components of MD 100 from fluids and tissues of the patient’s body.

In some examples, MDD 100 may be an implantable cardiac pacemaker (ICP). In
such an example, MD 100 may have one or more leads, for example leads 112, which
are implanted on or within the patient’s heart. The one or more leads 112 may include
one or more electrodes 114 that are in contact with cardiac tissue and/or blood of the
patient’s heart. MD 100 may also be configured to sense intrinsically generated cardiac
electrical signals and determaine, for example, one or more cardiac arrhythnuas based
on analysis of the sensed signals. MD 100 may further be configured to deliver CRT,
ATP therapy, bradycardia therapy, defibriltation therapy and/or other therapy types via
feads 112 wmplanted within the heart.

In some instances, MD 100 may be 2 subcutancous cardioverter-defibrillator (S~
ICB). In such examples, one of leads 112 may inchide a subcutaneously implanted
lead. Insome cases, MDY 100 may be configared to sense intrinsically generated cardiac

13



WO 2015/200527 PCT/US2015/037504

electrical signals and determine one or more cardiac arrhythmias based on analysis of
the seused signals. MD 100 may forther be configured to deliver one or more
defibrillation pulses in response to determining an archythmia.

In still other cxamples, MD 100 may be a leadless cardiac pacemaker (LCP ~
described more specifically with respect to Figure 2). In such examples, MD 100 may
not include leads 112 that extend away from bousing 120, Rather, MD 100 may include
electrodes 114 coupled relative to the housing 120, In these examples, MD {00 may
be implanted on or within the patient’s heart at a desired location, and may be
configured to deliver CRT, ATP therapy, bradycardia therapy, and/or other therapy
types via electrodes 114,

In some instances, MD 100 may be a diagnostic-only device. In some cases, MD
100 may be configured to sense, or receive, cardiac electrical signals and/or physical
parameters such as mechanical contraction, heart sounds, blood pressure, blood-oxygen
fevels, etc. MD 100 may further be configured to deternune occurrences of arrhythmias
based on the sensed or received cardiac electrical signals and/or physical parameters.
Tn one example, MD 100 may do away with pulse gencration modale 104, as MD 100
may not be configured to deliver electrical stinwilation in response to determining an
occurrence of an arrhythmia.  Rather, in order to respond to detected cardiac
arrhythmias, MD 100 may be part of a system of medical devices. In such a system,
MD 100 may communicate information to other devices within the system and one or
more of the other devices may take action, for example delivering electrical stioulation
therapy, in response to the receive information from MD 100, Additionally, the term
pulse generator, for example when describing a device, may be used to describe any
such device that s capable of delivering electrical stimulation therapy to the heart, such
as an CD, ICP, LCP, or the like.

in some examples, MD 100 may not be an implantable medical device. Rather,
MD 100 may be a device external to the patient’s body, and may nchude skin-clectrodes
that are placed oun a patient’s body. To such exaraples, MD 100 may be able to sense
surface cardiac electrical signals (e.g. electrical signals that are generated by the heart
or device immplanted within a patient’s body and conducted through the body to the
skin). To such exaroples, MD 100 may still be configured to deliver various types of
clectrical stimulation therapy. In other cxamples, however, MD 100 may be a

diagnostic-only device.
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Figure 2 1s an ilhustration of an exemplary leadless cardiac pacemaker (LCP)
204, Tn the examiple shown, LCP 200 may include all of the modules and compornents
of MDD 100, except that LCP 200 may not include leads 112, As can be scen 1o Figure
2, LCP 200 may be a compact device with all components housed within LCP 200 or
directly on housing 220. As illustrated in Figure 2, LCP 200 may include telemetry
module 202, pulse generator module 204, processing module 210, and battery 212.
Such components may have a similar function to the similarly named modules and
components as discussed in conjunction with MD 100 of Figure 1.

In some examples, LCP 200 may inchide electrical sensing module 206 and
mechanical scusing module 208, Electrical sensing module 206 may be similar to
sensing module 102 of MD 100. For example, elecirical scnsing module 206 may be
configured to receive electrical signals gencrated intrinsically by the heart. Electrical
sensing moduole 206 may be in clectrical conmection with electrodes 214, which may
conduct the intrinsically gencrated clectrical signals to electrical sensing module 206
Mechanical sensing module 208 may be configured to receive one or more signals
representative of one or more physiological parameters of the heart.  For example,
mechanical sensing module 208 may inchude, or be n electrical coramunication with
one or mwore sensors, such as acceleromcters, blood pressure sensors, heart sound
sensors, blood-oxygen sensors, and other sensors which measwre physiological
parammeters of the patient.  Although described with respect to Figure 2 as separate
sensing modules, n sorae examples, electrical sensing module 206 and mechanical
sensing module 208 may be combined into a single module.

In at Jeast one example, cach of modules 202, 204, 206, 208, and 210 lustrated
in Figure 2 may be iroplemented on a single integrated circuit chip. In other exaraples,
the itlustrated components may be implemented in multiple integrated circuit chips that
are in electrical communication with one another. Al of modules 202, 204, 206, 20¥,
and 210 and battery 212 may be encompassed within housing 220, Housing 220 may
generally jochude any material that is known as safe for implantation within a human
body and may hermetically seal modules 202, 204, 206, 208, and 211 and battery 212
from tlaids and tissues when LCP 200 is nuplanted within a patient.

As depicted m Figure 2, LCP 200 may include electrodes 214, which can be
secured relative to housing 220 but exposed to the tissue and/or blood surrounding the
LCP 200. As such, electrodes 214 may be generally disposed on either end of LCP 200
and may be in clectrical commuonication with one or more of modules 202, 204, 206,
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208, and 210. In some examples, electrodes 214 may be connected to housing 220 only
through short conpecting wires such that electrodes 214 are not directly secared relative
to housing 220. In some exaroples, LCP 200 yoay additionally include one or more
clectrodes 2147, Electrodes 214 may be positioned on the sides of LCP 200 and
mcrease the number of electrodes by which LCP 200 may sense cardiac electrical
activity and/or deliver electrical stimulation. Electrodes 214 and/or 2147 can be made
up of one or more biocompatible conductive materials such as various metals or alloys
that are known to be safe for implantation within a human body. In some instances,

electrodes 214 and/or 214° connected to LCP 200 may have an insulative portion that

and/or other materials.

To mmplant LCP 200 inside patient’s body, an operator (e.g., a physician,
clinician, etc.), may need to fix LCP 200 to the cardiac tissue of the patient’s heart. To
facilitate fixation, LCP 200 may include one or more anchors 216, Anchor 216 may be
any one of a number of fixation or anchoring mechanisms. For example, anchor 216
may inctude one or more pins, staples, threads, screws, helix, tines, and/or the hke. In
sorae examples, although not shown, anchor 216 may include threads on its external
surface that may run along at least a partial length of anchor 216, The threads may
provide friction between the cardiac tissue and the anchor to help fix anchor 216 within
the cardiac tissue. In other examples, anchor 216 may inchude other structures such as
barbs, spikes, or the like to facilitate engagement with the surrounding cardiac tissue.

The design and dimensions of M 100 and LCP 200, as shown in Figures | and
2, respectively, can be selected based on various factors. For example, if the medical
levice is for ruplant on the endocardial tissue, such as is sometiraes the case of an LCP,
the medical device can be introduced through a femoral vein into the heart. In such
instances, the dimensions of the medical device may be such as to be navigated
smoothly through the tortuous path of the vein without causing any damage to
surrounding tissue of the vein. According to one example, the average diameter of the
femoral vein may be between about 4mm to about 3mm in width. For navigation to the
heart through the femoral vein, the medical device can have a diameter of at less than
smm. In some exaraples, the medical device can have a cylindrical shape having a
circular cross-section. However, it should be noted that the medical device can be made

of any other suitable shape such as rectangular, oval, etc. A flat, rectangular-shaped
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medical device with a low profile may be desired when the medical device is designed
to be implanted subcutaneously.

Figures I and 2 above described various examples of MD 100, In some
examples, 2 medical device system may inchude more than one medical device. For
example, multiple medical devices 100/200 may be used cooperatively to detect and
treat cardiac arrhythmias and/or other cardiac abnormalities. Some example systeros
will be described below in connection with Figures 3-10. In such multiple device
systerns, it may be desirable to have a medical device communicate with another
medical device, or at least receive various communication signals from another medical
device.

Figure 3 illustrates an example of a medical device system and a conununication
pathway via which multiple medical devices may communicate. In the example shown,
medical device systern 300 may inclode LCPs 302 and 3034, external medical device
306, and other sensors/devices 310, External device 306 may be any of the devices
described previously with respect to MD 138, Other sensors/devices 310 may also be
any of the devices described previously with respect to MD 1030, In other examples,
other sensors/devices 310 muay include a seosor, such as an accelerometer or blood
pressure sensor, or the like. In still other examples, other sensors/devices 310 may
mchnde an external programmer device that may be used to program one or more
devices of system 300,

Various devices of system 300 may communicate via conununication pathway
308. For example, LCPs 302 and/or 304 may sense intrinsic cardiac electrical signals
and may commmupicate sach signals to one or more other devices 302/304, 306, and 310
of systern 300 via communication pathway 308, In one exaraple, external device 306
may reccive such signals and, based on the received signals, determine an occurrence
of an arrhythmia. In some cases, external device 336 may communicate such
deterrpinations to one or more other devices 302/304, 306, and 310 of system 300,
Additionally, ovne ot more other devices 302/304, 306, and 310 of system 300 may take
action based on the communicated determination of an arrhythmia, such as by
delivering a suitable electrical stimulation. This description is just one of many reasons
for communication between the various devices of system 300,

Conumunication pathway 308 may represent one or more of various
compmunication methods. For example, the devices of system 300 may communicate
with each other via RF signals, inductive coupling, optical signals, acoustic signals, or
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any other signals suitable for communication and communication pathway 308 may
represent such signals,

In at least one example, communicated pathway 308 may represent conducted
commmunication signals, Accordingly, devices of system 300 may have components
that allow for conducted commmmication. In examples where communication pathway
308 includes conducted communication signals, devices of system 300 may
comnmunicate with cach other by sensing electrical communication pulses delivered into
the patient’s body by another device. The patient’s body may conduct these electrical
comnunication pulses to the other devices of systern 300, In such examples, the
delivered clectrical coranmnication pulses roay differ from the electrical stimulation
pulses of any of the above described electrical stimulation therapies. For example, the
devices of system 300 may deliver such electrical communication pulses at a voltage
fevel that s sub-threshold. That is, the voltage amplitude of the delivered electrical
comnmunication pulses may be low cnough as to not capture the heart (e.g. not cause a
contraction). Although, in some circumstances, one or more delivered electrical
comununication pulses may capture the heart. Additionally, in other circumstances,
delivered electrical stiroulation pulses roay not capiure the heart, yet are not clectrical
commmunication pulses. In some cases, the delivered electrical comnmunication pulses
may be modulated (e.g. pulse width modulated), or the timing of the delivery of the
comnrnmication pulses may be modulates, to encode the communicated information.
These are just some examples.

As mentioned above, some example systems may employ multiple devices for
determiming occurrences of arhythmias, and/or for delivering electrical stimulation
therapy in response to determining one or more arrhythmias, Figures 3-10 describe
various cxamplc systems that may use nultiple devices in order to determine
occurrences of arrhythmias and/or deliver clectrical stimulation therapy. However,
Figures 3-10 should not be viewed as limiting examples. For example, Figures 3-10
describe how varions multiple device systerns roay coovdinate to detect and/or treat
various arrhythmias, However, any combinations of devices such as that described with
respect to MDD 100 and LCP 200 may be used in concert with the below described
techniques for detecting and/or treating arrhythmias,

Figure 4 illustrates an example medical device system 400 that includes an LCP
402 and a pulse generator 406, In some examples, pulse generator 436 may be either
an external cardioverter-defibrillator or an ICD. For example, pulse generator 406 may
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be such devices as described previously with respect to MD 100, In some examples,
pulse generator 406 may be an S-ICD. In examples where pulse generator 406 is an
external cardioverter-defibrillator, electrodes 402a, 408b, and 408c may be skin
clectrodes that reside on the paticnt’s body. In examples where pulse generator 406 1s
an S-ICD, clectrodes 40&a, 408b, and 408¢ may be attached 10 a subcutancous lead that
is trplanted within the patient’s body proximate, but not on or within the heart 410.

As shown, LCP 402 may be implanted within heart 410. Although LCP 402 is
depicted as being implanted within the left ventricle (V) of heart 410, in other
examples, LCP 402 may be uniplanted within a different chamber of the heart 410, For
exarople, LCP 402 may be implanted within the left atriurm (LA) of heart 410 or the
right atrium (RA) of heart 410, In other examples, LCP 402 may be tmplanted within
the right ventricle (RV) of heart 410.

In any cvent, LCP 402 and pulse generator 406 may operate together o
determine occurrences of cardiac arrhythmias of heart 410, In some instances, devices
402 and 406 may operate independently to sense cardiac activity of heart 410, As
deseribed above, cardiac activity may inclode sensed cardiac electrical signals and/or
sensed physiological parameters. In such cxamples, cach of LCP 402 and pulse
generator 406 may operate to determine occurrences of arrhivthmias independently of
one another based on the independently sensed cardiac activity, When a first of LCP
402 or pulse generator 406 makes a first determination of an arrhythmia, that first
device may cornmunicate the fivst determination to the second device. It the second
device of system 400 also makes g determination of an arrhythnua, e.g a second
determination of an arvhythmia, based on its own sensed cardiac activity, the arrhythmia
may be confitmed and the system 400 may begin to deliver appropriate clectrical
stimulation therapy to heart 410. In this manner, both devices 402 and 406 of system
400 may be used to determine an occurrence of an arrhythmia. in some examples, when
only one of devices 402 or 406 determines an occurrence of an arvhythmia, and the
other does not, system 400 may still begin to deliver appropriate electrical stiraulation
therapy to heart 410

In other examples, only one of devices 402 and 406 actively senses cardiac
activity and deterounes occurrences of arrhythmias. For example, when the actively
sensing device {¢.g. LCP 402) determines an occurrence of an arrhythmia, the actively
sensing device may communicate the determination to the other device {e.g. Pulse
Generator 406) of system 400, Systern 400 may then begin to deliver appropriate
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electrical stimmulation therapy to heart 410. In another example, the device which
actively senses cardiac activity may commnunicate the sensed cardiac activity to the
other device. Then, based on the recetved cardiac activity, the other device may
determine an occurrence of an arrhythmia. System 400 may then begin to deliver
appropriate electrical stimulation therapy to heart 4180, In some of these examples, the
other device roay additionally communicate the deternunation of an arthythioia to the
actively sensing device,

In still other examples, only a first of devices 402 or 406 contbmousiy senses
cardiac actively. The first device (e.g. Pulse Generator 406) may continually determine,
based on the sensed cardiac activity, occurrences of arrhythmias. In such examples,
when the first device determines an occurrence of an arrhythmia, the first device may
compmunicate the determination to the second device (e.g. LCP 402). Upon receiving
a determination of an occurrence of an arrhythmia, the second device may begin to
sense cardiac activity. Based on its sensed cardiac activity, the second device may also
determine an occurrence of an arrhythmia. In such examples, only after the second
device also determines an occurrence of an arrhythimia, system 400 may begin to deliver
appropriate electrical stiroulation therapy to heart 410, In some alicrnative examples,
the second device may sense cardiac activity while the first device is sensing cardiac
activity and determining whether an arrhythmia is occurring. In these examples, the
second device may determine whether an arrhythinia is occurring concurrently with the
first device, but may only coraplete a determination that an arrhythmia is occurring after
receiving an indication of an archythinia from the first device.

In some examples, determining an occurrence of aun arrhythmia may inchude
determining a beginning of an arthythioia, and systern 400 may be configured to
determine when to begin to deliver electrical stimulation therapy. In some examples,
determining an cccurrence of an arrhythmia may include determining an end of an
arvhythmia. To sach examples, system 400 may be configured to also determine when
1o coase to deliver electrical stiraulation therapy.

In examples where system 400 operates to deliver appropriate electrical
stimulation therapy to heart 410, if the determined arrhythrnia is a fibrillation, pulse

enerator 406 may operate to deliver a defibrillation pulse to heart 410, In examples
where the determined arrhythmia is a tachycardia, LCP 402 may deliver ATP therapy
to heart 410, In examples where the determined arrhythmia is a bradycardia, LCP 402
may deliver bradycardia therapy to heart 410, In examiples where the determined
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arrhythmia is un-synchronized contractions, LCP 402 may deliver CRT to heart 410,
In some examples, pulse generator 406 and LCP 402 way coordinate to deliver
clectrical stinwlation therapy to heart 410 in accordance with one or more of the
technigues described below with respect to Figures 1-16.

Figure 5 illustrates an example medical device system 500 that inclades an LCP
502 and a pulse generator 506, In this example, pulse generator 506 may he an
implantable cardiac pacemaker (ICP). For example, pulse generator 506 may be an ICP
such as that described previously with respect to MD 1. In examples where pulse
generator 506 18 an [CP, electrodes 504a, S04b, and 504c may be implanted on or within
the right ventricle and/or right atrivim of heart 510 via one or more leads.

LCP 502 may be implanted within heart 510, Although LCP 502 is depicted
implanted within the left ventricle (LV) of the heart 510, in some instances, LCP 502
may be implanted within a different chamber of the heart $10. For example, LCP 502
may be implanted within the left atrium (LA} of heart 510 or the right atrium {(RA) of
heart 510, In other examples, LCP 502 may be implanted within the right ventricle
{RV) of heart S10.

In any ovent, LCP 302 and pulse generator 306 may operaie together to
determine cccurrences of cardiac archythimias of heart 510, In some instances, devices
502 and 506 may operate independently to sense cardiac activity of heart 510, As

eacribed above, cardiac activity ruay inchude sensed cardiac electrical signals and/or
sensed physiological parameters. fn some cases, each of LCP 302 and pulse generator
506 may operate to determine occurrences of arrhythmias independently based on the
mdependently sensed cardiac activity, When a first of LCP 302 or pulse generator 506
makes a first deterounation of an arrhythmia, that first device may coromunicate the
first determination to the second device. Ifthe second device of system 500 also makes
a determination of an arrhythmia, ¢.¢. a second determination of an arrhythmia, based
on its own sensed cardiac activity, systern 500 rnay confirm the arrhythmia and may
begin to deliver appropriate electrical stipulation therapy to heart 510, In this manuer,
both devices 502 and 506 of system 500 may be used to determine an occurrence of an
arrhythmia. In some instances, when only a single one of devices 502 or 506 deternunes
an occurrence of an arrhythmia, system 500 roay also begin to deliver appropriate
clectrical stinmlation therapy to heart 510

in some examples, only one of devices 502 and 506 may actively sense cardiac
activity and determine occurrences of arrhythmias. For example, when the actively
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sensing device {e.g. pulse generator S06) determines an occurrence of an arrhythimia,
the actively sensing device may communicate the determination to the other device (e.g.
LCP 502) of system 300. Systern 500 may then begin to deliver appropriate clectrical
stimulation therapy to heart 510, In some cxamples, the device which actively senses
cardiac activity may communicate the sensed cardiac activity to the other device. Then,
based on the received cardiac activity, the other device may sense for and determine an
occurrence of an arrhythmia,  System 500 may then begin to deliver appropriate
electrical stimulation therapy to heart S14. In some instances, the other device may
additionally comununicate the determination of an arrhythmia to the actively sensing
device.

In still other examples, only a first of devices 502 or 300 may continuously sense
cardiac actively. The first device may additionally continuvally determine, based on the
sensed cardiac activity, occurrences of arvhythinias. In some examples, when the first
device determines an occwrrence of an arrhythmia, the first device may communicate
the determination to the second device. Upon receiving a determination of an
oecurrence of an arrhythmia, the second device may begin to sense cardiac activity.
Based on us sensed cardiac activity, the second device may also determine an
occurrence of an arrhythmia. In such cxamples, only after the second device also
determines an occurrence of an arrhythmia, system 500 may begin to deliver
appropriate electrical stimlation therapy to heart 510, In some alternative examples,
the second device may sense cardiac activity while the first device is sensing cardiac
activity and determining whether an arrhythmia is occurring. In these examples, the
second device may determine whether an arrhythimiia is occurring congurrently with the
first device, but roay only complete a determination that an arrhythinia is occurring afte

cceiving an indication of an arrhythmia from the first device.

in some examples, determining an occurrence of an arrhythmia may include
deterroining a beginning of an arrhythmia, and system 500 may be conhgared to
deterraine when to begin to deliver electrical stumulation therapy. In some examples,
determining an occurrence of an arrhythmia may include determining an end of an
arrhythmia. In such examples, systern 300 may be configured to determine when to
cease to deliver clectrical stiraulation therapy. In examples where system 300 does not
begin to deliver appropriate electrical stimulation therapy to heart 510 until mmltiple

devices determine an occurrence of a cardiac arthythmia, cach of the determinations
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that do pot trigger delivery of electrical stimulation therapy may be termed provisional
determinations.

In ecxamples where systern 500 operates to deliver appropriate clectrical
stimulation therapy to heart 510, if the determined arrhythmia 5 8 tachycardia, either
pulse generator 506, LCP 502, or both may deliver ATP therapy to heart S10. In
examples where the determived arrhiythmia s a bradycardia, euther pulse generator 506,
LCP 502, or both may deliver bradycardia therapy to heart 510, In examples where the
determined arrhythmia s un-synchronized contractions, either pulse generator 506,
LCP 502, or both may deliver CRT to heart 510. In some examples, pulse generator
506 and LCP 502 may coordinate to deliver clectrical stimulation therapy to heart 510
in accordance with one or more of the techniques described below with respect to
Figures 11-16.

Figure 6 ithustrates an example medical device system 600 that inclades LCP
602 and LCP 606, LCP 602 and LCP 606 arc shown implanted within heart 610
Although LCPs 602 and 606 are depicted as implanted within the left ventricle (LV) of
heart 610 and the right ventricle of heart 610, respectively, 1 other examples, LCPs
602 and 606 roay be implanted within different chambers of heart 610, For example,
system 600 may include LCPs 602 and 606 implanted within both atriz of heart 610.
{n other examples, system 600 may include LCPs 602 and 606 implanted within one
atriurn and one ventricle ofheart 6 M), In more examples, system 600 oay include LCPs
602 and 606 wmplanted within any combination of ventricles and atria. To yet other
examples, system 600 may include LCPs 602 and 606 umplanted within the same
chamber of heart 610,

In any event, and in some examples, LCP 602 and LCP 606 may operate
together to determine occurrences of cardiac arrhythmias of heart 610. For example,
devices 602 and 6{6 may operate independently to sense cardiac activity of heart 610
As described above, cardiac activity may include sensed cardiac electrical signals
and/or sensed physiological parameters. In such examples, cach of LCP 602 and LCP
6{(6 may operate to determine occurrences of arthythmias independently based on the
mdependently sensed cardiac activity. When a first of LCP 602 or LCP 606 makes a
first determination of an arrhythmia, that first device may communicate the first
determination to the second device, If the second device of system 600 also makes a
determination of an arrhythimia, ¢.g. a second determination of an arrhythmia, based on
its own sensed cardiac activity, system 600 may confirmn the arrhythiia and may begin
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to deliver appropriate electrical stimulation therapy to heart 610, In this manner, both
devices 602 and 606 of system 600 may be used to determine an occurrence of an
arrhythmia.  In some examples, when only a single ouve of devices 602 or 606
determines an occurrence of an arrhythmia, system 600 may begin to deliver
appropriate electrical stimulation therapy to heart 614

fu other exaroples, only one of devices 602 and 606 may actively sense cardiac
activity and determine occurrences of arrhythomias, In some of these examples, when
the actively sensing device (e.g. LCP 606) determines an occurrence of an arrhythmia,
the actively sensing device may communicate the determination to the other device (e.g.
LCP 602) of system 600. Systern 600 may then begin to deliver appropriate elecirical
stimulation therapy to heart 610. In some cases, the device which actively senses
cardiac activity may communicate the sensed cardiac activity to the other device. Then,
based on the received cardiac activity, the other device may determine an occurrence
of an arrhythmia.  Systerm 600 may then begin to deliver appropriate electrical
stimulation therapy to heart 610. In some of these examples, the other device may
additionally comununicate the determination of an arrhythmia to the actively sensing
device and/or to another device,

In some examples, only a first of devices 602 or 606 may continuously sense
cardiac actively, The first device may continually determine, based on the sensed
cardiac activity, occurrences of arrhythmias, In such examples, when the first device
deterroines an occurrence of an arrhythoua, the first device may communicate the
determination to the second device. Upon receiving a determination of an occurrence
ot an arrhythmia, the second device may begin to sense cardiac activity. Based on its
sensed cardiac activity, the second device may also determine an occurrence of an
arrhythmia.  In such examples, only afier the second device also determines an
occurrence of an arrhythmia does systermn 600 begin to deliver appropriate electrical
stimnulation therapy to heart 610, In sorne alternative examples, the second device may
sense cardiac activity while the tirst device is sensing cardiac activity and determining
whether an arrhythmia is occurring.  In these examples, the second device may
determine whether an arrhythimia is occurring concurrently with the first device, but
may only complete a determination that an arthythimia s occwring afier receiving an
indication of an arrhythmia from the first device.

in some examples, determining an occurrence of an arrhythmia may include

ctermining a beginning of an arrhythmia, and system 600 may be configured to
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determine when to begin to deliver electrical stimulation therapy. In some examples,
determining an occurrence of an arrhythivia may include determining an end of an
arrhythmia. In such exaroples, systern 600 may be configured to also determuine when
to cease to deliver electrical stimulation therapy. In examples where system 600 does
not begin to deliver appropriate electrical stimulation therapy to heart 610 until muldtiple
devices deternune an occurrence of a cardiac arthythmia, cach of the determinations
that do not trigger delivery of electrical stimulation therapy may be termed provisional
determinations.

In examples where systern 600 operates to deliver appropriate electrical

stimulation therapy to heart 610, if the determived arthythinia 5 a tachycardia, cithe
LCP 602, LCP 606, or both may deliver ATP therapy to heart 610, In examples where
the determined arrhythmia is a bradycardia, cither LCP 602, LCP 606, or both may
deliver bradycardia therapy to heart 610, In examples where the determined arvhythimia
is un-synchronized contractions, cither pulse LCP 602, LCP 606, or both may deliver
CRT to heart 610, In some examples, pulse generator 606 and LCP 602 may coordinate
to deliver electrical stirmulation therapy to heart 610 in accordance with one or more of
the techniques described below with vespect to Figures 11-16.
Although not necessarily described in figures 4-6, one of the two devices of systems
400, 500, or 600 could be a diagnostic-only device. In such examples, after one or more
of the devices determined an occurrence of an arrhythmia, the diagnostic-only device
may not deliver any electrical stimulation therapy.  Rather, electrical stimulation
therapy may be delivered by another device in the system that is capable of delivering
appropriate electrical stimulation therapy, if desired.

Figure 7 illustrates an example medical device system 700 with three separate
LCPs including LCP 702, LCP 704, and LCP 706. Although system 700 is depicted
with LOPs 702, 704, and 706 implanied within the LV, RV, and LA, respectively, other
examples may inclade LCPs 702, 704, and 706 implanted within different chambers of
the heart 710, For exaraple, system 700 may inchude LCPs iraplanted within both atria
and one veniricle of the heart 710, In other examples, system 700 may include LCPs
nyplanted within both ventricles and one atria of heart 710, More generally, 1t s
contemplated that systern 700 may include LCPs implanted within any combination of
ventricles and atria. In some instances, system 700 may include two or more of LCPs

702, 704, and 706 implanted within the same chamber of the heart 714
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In practice, such a system 700 may operate in accordance with any of the
technigues described above with respect to Figures 4-6. In sorne nstances, however,
system 700 may operate diftercutly, at least to some degree. For example, before
system 700 begins to deliver appropriate electrical stimulation therapy to the heart 710,
only a majority of LCPs 702, 704, and 706 may need to determine an gccurrence of an
arthythmia. For example, in some instances, all of LCPs 702, 704, and 706 may he
sensing cardiac activity and determining occurrences of archythmias independently, In
some cases, only after a majority of LCPs 702, 704, and 706 determined an occurrence
ot an arvhythina, may system 700 deliver appropriate electrical stimulation therapy to
the heart 710, In some instances, one of the LCP’s is designated as the master LCP,
and the other slave LCP’s may communicate whether they determined an occurrence
of an arrhythmia to the master LCP. The master LCP may then determine if a majority
of the LCP’s 702, 704, and 706 have determined an occurrence of an arrhythmis, and
if 50, may instruct the delivery of appropriate electrical stimulation therapy to the heart
71¢. In some instances, the master LCP may instruct particular ones of the LCP’s 702,
704, and 706 to deliver electrical stirmulation therapy to the heart 710, depending on the
type and/or location of the detected arrhythnua.

Alternatively, and in some instances, only a single LCP may need to determine
an occurrence of an arrhythmia before system 700 may begin to deliver appropriate
electrical stimulation therapy to heart 710. In vet other examples, all three of the LCP’s
702, 704, and 706 may need to determine an occurrence of anarvhythmia before system
7064 delivers appropriate clectrical stimulation therapy to the heart 710,

In some cases, only one LCP 702, 704, and 706 may actively sense cardiac
activity and determine an occurrence of an arrhythmia,  Afier determining an
occurrence of an arrhythmia, the actively sensing device may comnwunicate the
determination to one or both of the other devices. In some cases, one or both of the
other devices may then begin sensing for and determining occurrences of arvhythivias,
In some instances, when a first one of the other devices determines an occurrence of an
arrhythmia, system 700 may begin to deliver appropriate electrical stimuiation therapy
to heart 710. In other instances, when both of the other devices deterimine an occurrence
of an arthythmia, system 700 may begin to deliver appropriate electrical stimulation
therapy to heart 710.

in some instances, LCPs 702, 704, and 706 may be set up in a daisy-chain
configuration. For example, an actively sensing device may send a deterroination of an
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arrhythmia to only one of the other two devices (alternatively, only one of the two
receiving devices may act upon the received determination from the actively sensing
device). The receiving device may then begin actively sensing for and determining
occurrences of arrhythimias. Upon determining an occwrrence of an arrhythmia, the
receiving device may commmmicate the determination to the last device. The last device
may then begin sensing for and determining occurrences of arrhythmias, In some
mstances, only when the last device determines an occurrence of an arrhythmia does
the system 700 begin to deliver appropriate electrical stimulation therapy to heart 710
In sorse alternative examples, the various devices may be actively semsing and
determining occurrences of arrhythmias concurrently. However, soroe of the devices
may only be able to complete making s determination that an arrhythmia is occurring
after receiving an indication an arthythmia s occurring from another device, for
example in the cascading manner disclosed above.

Also in accord with the description of systems 400, 500, and 700, in some
examples, determining an occurrence of an arthythmia may include determining a
beginning of an arthytlunia, and system 700 may be configured to deterrnine when to
begin to deliver electrical stimulation therapy. In some examples, determining an
occurrence of an arrhythimia may include determining an end of an arthythmia. 1n such
examples, system 700 may be configured to determine when to cease delivery of
electrical stimulation therapy. In examples where system 700 does not begin to deliver
appropriate eclectrical stimulation therapy to heart 710 untd multiple LCP devices
determine an occurrence of an arrhythnua, cach of the determinations that do not trigger
delivery of electrical stinmalation therapy may be termed provisional deterrninations.

In ecxamples where system 700 operates to deliver appropriate clectrical
stimulation therapy to heart 710, if the determined arrhythmia is a tachycardia, one or
more of LCPs 702, 704, and 706 may deliver ATP therapy to heart 710. in examples
where the determined arrhythinia is 8 bradycardia, one or more of LCPs 702, 704, and
706 may deliver bradycardia therapy to heart 710, In cxaroples where the determined
arrhythmia is un-synchronized contractions, one or more of LCPs 702, 704, and 706
may deliver CRT to heart 710, It is contemplated that less than all of LCPs 702, 704,
and 706 may deliver electrical stimuulation therapy in response to the detection of an
arrhythmia.  For example, only a single of LCPs 702, 704, and 706 may deliver
electrical stimulation therapy. In other examples, two of LCPs 702, 704, and 706 may
deliver electrical stimulation therapy. In some examples, LCPs 702, 704, and 706 may
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coordimate to deliver electrical stimulation therapy to heart 710 1o accordance with one
or more of the techniques described below with respect to Figures 11-16.

In accordance with the above described description, one can sec how such
techniques may be extended to systemns that have even more than three LCP devices.
For example, in a four LCP device system, any of ong, two, three, or four devices may
be used to determine an occurrence of an archythimia before the system begins to dehiver
appropriate electrical stiroulation therapy. In some such examples, all, some, or one of
the LCP devices may initially actively sense and determine the occurrences of
arrhythmias, In examples where less than all are initially actively sensing, once one of
the actively sensing devices determines an occurrence of an arrhythmia, and
comrmunicates that determination to other devices of the system, at least one of the other
devices of the system may begin to actively sense cardiac activity and determine
occurrences of arthythmias., Again, the techniques described above may be extended
to systemns that include any number of LCP devices or other devices, such as five, six,
seven, or any other number that is practically feasible for implantation within a patient’s
body. Additionally, in some alternative examples, multiple or all of the devices of the
system roay actively sense cardiac activity and determine occurrences of arrhythmias
concurrently, except that one or more of the devices may be configured to not complete
making a determination that an arrhythmia is occurring until receiving an indication
that an arrhythmia is occurring from another device.

Additionally, although described above with respect to three or more LCP
devices, the same techniques may be applied to any of the systems described with
respect to Figures 4-5. For example, any of systems 400 and 500 may further inchide
a third device, such as a second LCP device. In such systoms, the three devices may
operate in accordance with any of the above described technigues of system 700, with
the pulse generator capable of sensing for arrhiythmias and/or delivering electrical
stimmulation therapy. In other examiples, any of systems 400 and 500 may nchude a
phurality of additional devices. For exarople, any of systerns 400 and 300 may include
three, four, five, or any number of LCP devices that are practical for implantation with
a patient in addition {0 pulse generators 406 and 506, Accordingly, in such examples,
the devices may operate together in accordance with any of the above described
technigues.

A multiple device system may, in some cases, be capable of delivering more
effective electrical stirnulation therapy than a single device systern. For example,
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before beginning to deliver electrical stimulation therapy, cxample systems may
determine which of the devices of the systen first senses a depolarization wave of the
heart. In such cxaraples, such systerns may direct the device which senses the
depolarization wave first to deliver the electrical stimulation therapy. This may allow
such systems to deliver electrical stimulation therapy at a site closer to the origin of an
arvhythmia, which may increase the ctfectiveness of the clectrical stinwlation therapy.

In the example of system 700, one of the devices of system 700 may determine
an occurrence of a tachyarrhythmia, either individually or in addition to provisional
determinations by other devices of systern 700 1n accordance with any of the techriques
described above. Oue of the devices of system 700 (c.g. a master device) may
determine to deliver ATP therapy to heart 710 or to determine to direct another device
of system 700 to deliver ATP therapy. Before cither delivering, or directing another

evice to deliver ATP therapy, one of the devices of system 700 may determine which
device of systern 700 first senses an intrinsic cardiac depolarization wave of heart 710,
The device that senses such a depolarization wave first may then begin delivery of ATP
therapy.

The above description is just one example of how 4 system may operaie to
deliver electrical stirmulation therapy by the device that senses the intrinsic cardiac
depolarization wave of a heart first. In other examples, the type of arrhythmia and
therapy may be different. Additionally, as sach a feature is not tied to any particular
configuration or number of devices, any of the systems described herein may further
mclude such g feature. The only limitation in any systern may be whether the devices
ot the system are capable of delivering the appropriate electrical stirnulation therapy.

A mulktiple device systern may be used to help provide discrimination between
atrial arrhythmias and ventricular arrhythmias.  For instance, example systems
described heremn may operate differently depending on whether an arrhythmia is an
atrial arrhythmia or a ventricular arrhythmia in order to more effectively treat such
arrhythmias.

As one ithustrative example, one of the devices of system 700 may determine an
oecurrence of a tachyarrhythiia, either individually or in addition to provisional
determinations by other devices of systern 700 in accordance with any of the techniques
described above. Additionsally, a device of system 700 may determine whether the
tachycardia ts an atrial tachycardia or a ventricular tachycardia. 1f the tachycardia is an
atrial tachycardia, one or more of the devices of system 700 may determine to not
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deliver electrical stimulation therapy. It the tachycardia is a ventricular tachycardia,
one or more of the devices of system 700 may additionally determine whether the rate
of the tachycardia is above a threshold and whether the cardiac electrical signal is a
polymorphic signal. If the tachycardia rate is below the threshold and the cardiac
electrical signal is not a polymorphic signal, one or more of the devices of system 700
may deliver, or direct a different device of system 700 1o dehiver, ATP therapy to the
heart 710, If the tachycardia rate is above the threshold or the cardiac clectrical signal
is a polymorphic signal, one or more of the devices of system 700 may deliver, or direct
a different device of system 700 to dehiver, a dehibrillation pulse to heart 710
Discriminating between such atrial and ventricular arvhythmias, and responding
differently to the differcnt types of arrhythmias, may increase the effectivencss of
delivered electrical stimulation therapy and decrease negative outcomes of any
detivered electrical stimulation therapy. The above description is just one example of
how the disclosed systems may operate to discriminate between various arrhythmias
and deliver electrical stimulation therapy in response to the different determined
arrhythmias.

Figures & and 9 illustrate other example uunplantation locations and
configurations for a2 multiple device medical system. For example, medical device
system 800 of Figure 8 shows three LCP devices, LCPs 802, 804, and 806, Two of the
LCP devices, LCPs RO2 and 804, are shown implanted within a single chamber of heart
310, In other examples, all three devices may be iroplanted within a single chamber of
heart 810, Although two LCP’s 802 and 804 are shown implanted within the LV of
heart 810, in other exaroples, any of the chambers of heart 810 may inclade multiple
mmplanted LCP devices. Implanting multiple devices within a single charasber may
enhance the effectivencss of delivered electrical stimulation, as the multiple devices
may increase the chances of delivering electrical stimulation therapy near a cardiac site
that 15 an origin of an arrhythimia causing signal. As described previously with respect
1o the other systeras, any of the other system described herein, such as systeras 400 and
SOG may melude one or more devices implanted within a single chamber of the heart,
as desired.

Medical device system 900 of Figure 9 includes an LCP 902 mmplanted on an
epicardial surface of heart 910, LCPs 904 and 906 arc shown mmplanted on an
endocardial surface of heart 9190, In some instances, one or more additional devices of
systern 900 may be implanted on an epicardial surface. In some instance, a device
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implanted on an epicardial surface of a heart may sense intrinsic cardiac electrical
signals and/or deliver appropriate clectrical stimolation therapy to the heart
Accordingly, any of the sysiems described hercin may include one or more devices
implanted on an endocardial surface of a heart, as desired.

As noted above, in some embodiments, one device in a medical system may act a master
device and the other devices may act as slave devices, Figure 10 15 a block diagrars of
an illystrative medical device systemn 1000 that includes a master device 1002 and
multiple slave devices 1004, 1006, and 1008, In the example shown, the masier device
302 may conductively communpicate with the slave devices 1304, 1006, and 100K
through the body of the patient. In other examples, the master and slave devices may
communicate via a different communication mechanism, such as  through
radiofrequency (RF) signals, imductive coupling, optical signals, acoustic signals, or
any other suitable for comynunication rechanism, as desired.

In one example, the master device 1002 may be an ICD device, for exarmple, an ICD or

an S-1CE, and may be configured to receive cardiac information from one or more slave

W

devices 1004, 1006, and 1008, In some cases, the slave devices may be LCP’s. The
commnunicated cardiac information may include, for example, cardiac electrical signals
sensed by the slave devices 1004, 1006, and 1008, preliminary determinations made by
the slave devices 1004, 1006, and 1008, or other information sensed or determined by
the slave devices 1004, 1006, and 1008, In some examples, master device 1002 may
also serse cardiac activity. fn such examples, master device 1002 may determine
occurrences of arrhythmias based on cither its own sensed cardiac activity and/or the
received cardiac activity from the shave devices 1004, 1006 and 1008 In some
mstances, master device 1002 may deternune that the cardiac activity from one or
multiple devices of system 1000 indicates an occurrence of an arrhythmia, In some
cases, although multiple devices of system 1000 may each be sensing cardiac activity,
only a single device, such as master device 1002, may make the determination that a
cardiac arrhythmia is occurring and that an appropriate electrical stimulation therapy is
desired.

In response to determining an occurrence of an arrhythrma, master device 1002
may determine to deliver electrical stimulation therapy. In one example, master device
1002 may determine an appropriate electrical stimulation therapy based on the type of
arrhythmia. Additionally, master device 1002 may determine which device or devices
should deliver the electrical stimulation therapy. Master device 1002 may direct one or
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more of the devices, which might include the master device itself, to actually deliver
the desired electrical stiroulation therapy., Master device 1002 may operate according
to any of the previously disclosed technigues. For example, master device 1002 may
determine one or more provisional determinations of occurrences of arrhythmias before
determining an actual occurrence of an arrhythmia.  Master device 1002 may
additionally distinguish between atrial and ventricular arhythiias and determine
appropriate electrical stimulation therapy to deliver based on the determined type of
arrhythmia. In some examples, master device 1002 may determine which device or
devices need to deliver electrical stimulation therapy based on which device or devices
sensed the cardiac depolarization wave first of a cardiac cvele.

In some instances, multiple devices of system 1000 may determine occurrences
of arrhythmias. For example, slave devices 1004, 1006, and 1008 may cach determine
occurrences of arrhythmias and may commmanicate such determinations to master
device 1002, In some cxamples, such determinations may be considered actual or
provisional determinations. Based on such received determinations, master device
1002 may determine an occurrence of an arrhythmia, in accordance with any of the
previously disclosed techniques. Based on an determunation of an arrhythmia, master
device 1002 may deliver, and/or divect one or more of slave devices 1004, 1006, and
1008 to deliver, appropriate clectrical stimulation therapy.

Tn some cases, not all of master device 1002 and slave devices 1004, 1006, and
1008 may be actively sensing for an arrhythmia. For instance, as described previously,
i some examples only a single, or less than all of master device 1002 and slave devices
1004, 1006, and 1008 may be actively sensing for an arhythiua,  In at least one
exaraple, the actively sensing device roay be sending cardiac activity to master device
1002. Based on the received cardiac activity, master device 1002 may determine an
occurrence of an arrhythmia. After determining an occurrence of an arrhythmia, master
device 1002 may direct a second device of system 1000 to begin actively sensing
cardiac activity. This second device may additionally conwounicate sensed cardiac
activity to master device 1002, Again, master device 1002 may determine an
oecurrence of an arrhiythivua based on the received cardiac activity from the second
device. Afier making one or more determinations of an cccurrence of an arrhythmia,
magster device 1002 may deliver, or direct one or more of slave devices 1004, 1006, and
1008 to deliver, appropriate electrical stimulation therapy. In other examples, imstead
of sending sensed cardiac data, the devices may send deternunations of occurrences of

32



WO 2015/200527 PCT/US2015/037504

an arrhythmia to master device {002, In some cases, master device 1002 may not sense
cardiac activity. Rather, master device 1002 may make deterninations of occurrences
of cardiac arrhythmias based on received cardiac activity and/or deterrainations from
those slave devices that are sensing cardiac activity.

In some cases, master device 1002 may be an LCP device, an external cardioverter-
defibrillator, ICP, or diagnostic-only device. In some examples, master device 1002
and the slave devices 1004, 1006, and 1008 may have similar hardware configuration;
however, they may have different software instalied. In some examples, the slave
devices 1004, 1006, and 1008 may be set to a “slave mode” while master device 1002
may be set 1o a “master mode”, even though all devices share the same hardware and
software features. Additionally, in some cxamples, the devices of systemn 1000 may
switch between being configured as a master device and a slave device. For example,
an external programmier iay connect to any of the devices of such systems and alter
the programming of any of the devices of the system, as desired.

Figures 11-14 describe various methods and/or techniques by which one or
more devices of a medical device system may coordinate to deliver appropriate
clectrical stimulation therapy to a heart. Figure 11 illustrates a first technique by which
at least two medical devices 1102 and 1104 of a medical device system may coordinate
to deliver electrical stimulation therapy. In the example shown in Figure 11, first
medical device 1102 of a medical device system, such as any of system 400, 500, 600,
or any other suitable systern, may conmvuuunicate multiple trigger sigoals 1106 to second
medical device 1104 of the system. The one or more trigger signals 1106 may cause
second medical device 1108 to deliver electrical stimulation therapy, for example
paciog pulses 108, to the heart. Inthe cxaraple of Figure 11, first medical device 1102
may send multiple trigger signals 1106, and each trigger signal 1106 may cause the
second medical device 1104 to deliver a single pacing pulse 110&.

In some examples, first medical device 1102 may communicate one or more
paramcters for the pacing pulses 1108 that are to be delivered to the heart by the second
medical device 1104, For example, first medical device 1102 may send one or more
signals to second medical device 1104 that indicate, for example, a voltage amplitude,
a pulse width, a coupling werval (Juterval from intrinsic heart signal o pacing pulse),
and/or other suitable parameter(s} for the corresponding pacing pulse 1108, In some
imstances, one or more signals may be encoded in the trigger signal 1106, or may be
provided in a separate signal. In some cases, each trigger signal 1106, v addition to
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causing second medical device 1104 to deliver a corresponding pacing pulse 1108, may
be encoded with mformation such as a voltage amplitude and/or pulse width of the
corresponding pacing pulse 1108, In some fustances, one trigger signal 1106 roay be
encoded with a voltage amplitude, a pulse width and/or other any other suitable pacing
parameters. Thereafter, the second medical device 1104 may deliver subsequent pacing
pulses 1108 according to such coramunicated pacing parameters untld the second
medical device 1104 recerves different parameters from the first medical device 102,

In some example, such parameters may be communicated to second medical
device 1104 prior to the systemn determuining an occurrence of any arrhythmia. For
mstance, first medical device 1102, or another device, may communicate such
parameters to sccond medical device [104 at implantation or during or after a
programming session.  In still other examples, such parameters may be pre-
programymed into second medical device 1104, such as at the factory. In these mstances,
the parameters may be communicated to second medical device 1104 separately from
the trigger signals 1106.
Although described above with respect to two devices, the technique of Figure 11 may

¢ extended to systems that include additional devices, For example, in such multiple

device systems, a single device may send nwltiple trigger commands to mmultiple
devices of the system, causing multiple of the devices to deliver corresponding pacing
pualses. In such examples, a first device may send such trigger signals at slightly
different times to multiple different devices, thereby causing cach of the recetving
devices to deliver pacing pulses at slightly different times. In another example the first
device may send a single trigger single that triggers multiple different devices.
Tu some nstances, a first device may send trigger signals to only oune of the othe
multiple devices. For example, a first device may send trigger signals to the particular
device that sensed a depolarization wave of the heart last relative to the other devices
of the multiple device system. In still other examples, multiple devices may send trigger
signals 1o multiple other devices, if desired. Tn some instances, the first device may be
g subcutancous cardioverter-defibrillators (S-1CDy, and the other devices may be
feadless cardiac pacemakers (LCPs), but this is just one example.

Figure 12 shows another illustrative technique by which at least two devices of
a medical device system may coordinate to deliver electrical stimulation therapy. In
the example of Figure 12, first medical device 1202 of a system, such as any of system
400, 500, 600, or any other suitable system, may comnmimicate a trigger signal 1206 1o
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a second medical device 1204 of the system. Trigger signal 1206 may cavse second
medical device 1204 o deliver electrical stimulation therapy, and in the example
shown, roultiple pacing pulses 1208, to a heart. In Figure 12, fivst roedical device 1202
may send one trigger signal 1206 to second medical device 1204, which may cause the
second medical device 1204 to deliver multiple pacing pulses 1208,

In some examples, fitst medical device 1202 may comamunicate one of more
paramcters for pacing pulses 1208 that arc to be delivered by second medical device
1204 to the heart. For example, first medical device 1202 may send one or more signals
to second medical device 1204 indicating 8 voltage amplitude, a pulse width, and/or
any other suitable parameters for pacing pulses 1208, Alternatively, or o addition, first
medical device 1207 may communicate a pulse train length parameter, a pulse
frequency {interval between pacing pulses), a coupling interval and/or other pulse
imformation to the second medical device 1204, The pulse train length parameter may
mdicate a desired number of pacing pulses 1208 that the second medical device 1204
should deliver in response to receiving a single trigger signal 1206.

In some examples, the one or more signals may be encoded in or on the trigger
signal 1206. For example, trigger signal 1206, in addition to causing second medical
device £204 to deliver a train of pacing pulses 1208, may be encoded with information
such as voltage amplitude, pulse width, train length, pulse frequency, and/or any other
suitable paramneters of pacing pulses 1208, Tn some examples, first medical device 1202
may comraunicate a delay parameter, which may indicate how guickly second medical
device 1204 should begin delivering pacing pulses 120¥€ after receiving the trigger
signal 1206 from the first oedical device 1202.

In some examples, such parameters may be communicated to second medical
device 1204 prior to the system determining an occurrence of any arrhythoia. For
instance, first medical device 1282, or another device, may communicate such
parameters to second medical device 1204 at implantation or during or after a
programumning session.  In still other examples, such parameters roay be pre-
programmed into second medical device 1204, such as at the factory.

In some instances, the first medical device 1202 may comwnunicate a start
trigger signal 1206 and a stop trigger signal 12064, For example, a start trigger signal
1206 may cause second medical device 1204 to begin delivering pacing pulses 1208
according to one or more parameters, sach as a voltage amplitude parameter, a pulse
width parameter, and/or other parameters. First medical device 1202 may subsequently
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deliver a stop trigger 1206a (shown in dashed lines). Such a stop trigger 1206a may
cause second medical device 1204 to cease delivering pacing pulses 1208, In some
exaraples, after first medical device 1202 delivers a stop trigger 1206a, one or more
devices of the system may determine whether an arrhythmia is still occurring. In
examples where one of the devices of the system does determine that an arrhythmia is
still occurring, the fust medical device 1302 may coramunicate another start trigger
signal 1206 to second medical device 1204,

Although described above with respect to two devices, the techniques of Figure
12 may be extended to systems that inclode additional devices. For example, in such
multiple device systerns, a single device roay send trigger signals 1206 to multiple other
devices of the system, causing multiple of the other devices to deliver pacing pulses
1208 according to communicated or stored parameters. For example, in such mmultiple

evice systems, a single device may send multiple trigger conunands to nuiltiple
devices of the system, causing multiple of the devices to deliver corresponding pacing
pulses. In such examples, a first device may send such trigger signals at shightly
different times to multiple different devices, thereby causing cach of the receiving
devices to deliver pacing pulses at slightly different tirnes.
In some instances, a first device may send trigger signals to only one of the other
multiple devices. For example, a first device may send trigger signals to the particular
device that scused a depolarization wave of the heart last relative to the other devices
ofthe multiple device systemu 1o still other exaroples, multiple devices may send trigger
signals 1o multiple other devices, if desired. In some instances, the first device may be
a subcutancous cardioverter-defibrillators (S-1CDy), and the other devices may be
feadless cardiac pacernakers (LCPs), but this is just one example.

Figure 13 shows yet another illustrative technique by which at least two devices
of a medical device system may coordinate to deliver electrical stimulation therapy. In
the example of Figure 13, first medical device 1302 of a systern, such as any of system
400, 500, 600, or any other suttable systern, may communicate a trigger signal 1306 to
second medical device 1304 of the system. Trigger signal 1306 may cause the second
medical device 1304 to dehiver electrical stimulation therapy, for example multiple
paciog pulses 1308, to a heart. In the example shown 1o Figure 13, fivst moedical device
1302 may send a trigger signal 1306 to second medical device 1304, which may cause
the second medical device 1304 to deliver electrical stimulation therapy according o a

predefined therapy protocol.
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in some examples, first medical device 1302 (or another medical device) may
conununicate one or more therapy protocols to the second medical device 1304, Figure
i3 illustrates one such therapy protocol. The Hlustrative therapy protocol depicted in
Figure 13 includes three separate periods, labeled 1310, 1312, and 1314, respectively.
The therapy protocol may cause the second medical device 1304 to deliver pacing
pulses 1308 during a first time period 1310, The therapy protocol may additionally
cause the second medical device 1304 to cease delivering pacing pulses 130% during a
second time period 1312, In some examples, the therapy protocol may additionally
cause the first medical device 1302, second medical device 1304, and/or another device
of the system to deternune if an arthythioia is still occurring during the second time
period 1312, If it is determined that an arrhythmia is still occurring, the itlustrative
therapy protocol may cause the second medical device 1304 to continue delivering
pacing pulses 1308 during a third time period 1314, In some examples the pacing
paranmcters {¢.g. pacing pulse interval) are different in time period 1310 than in time
period 1314, In examples where none of the devices determines that an arrhythmia is
still occurring during the second time period 1312, and this determination is
commnunicated 1o the second medical device 1304, the therapy protocol may cause the
second medical device 1304 to not deliver pacing pulses during the third time period
1314, This is just one example of a therapy protocol that may be communicated to the
second roedical device 1304, Gther examples may include therapy protocols including
greater or fewer time periods, and/or different logic dictating when to deliver and not
deliver electrical stimulation pulses 1302,

In some instances, a therapy protocol may inchide parameters for the pacing
pulses 1308, such as voltage ampliude, pulse width, pulse train length, and/or
parameters. fn some cases, such parameters may not be a part of the therapy protocol,
but rather may be communicated separately from the therapy protocol. As described
above with respect to Figure 11 and 12 above, such parameters and/or therapy protocols
may be conununicated to the second medical device 1304 in a variety of ways., For
example, the parameters and/or therapy protocols may be communicated before or
along with a trigger signal 1306, In other examples, such parameters may be
comununicated to the second medical device 1304 prior to the system deternuning an
occurrence of an arrhythmia. For instance, first medical device 1302, or another device,
may communicate such parameters to the second medical device 1304 at implantation
or during or after a programmming session. In still other examples, such parameters may
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be pre-programmed into second medical device 1304, such as at the factory. In
examples where the second medical device 1304 inclhudes multiple stored therapy
protocols, whether pre-programuued at the factory or previously cormmunicated to
second medical device 1304, first medical device 1302 may simply reference or select
which therapy protocol stored in the second medical device 1304 to deliver.

Although described above with respect to two devices, the tlustrative technique

of Figure 13 may be extended to systems that include additional devices, For example,
in such multiple device systems, a single device may send trigger signals 1306 to
multiple devices ot the system, causing multiple of the devices to deliver pacing pulses
1308 according to communicated or stored pararoeters and/or therapy protocols. In
such cxamples, a first device may send such trigger signals at slightly different times to
multiple different devices, thereby causing each of the receiving devices to deliver
pacing pulses at slightly different times.
In some instances, a first device may send trigger signals to only one of the other
multiple devices. For example, a first device may send trigger signals to the particalar
device that sensed a depolarization wave of the heart last relative to the other devices
ofthe multiple device systern. in still other examples, multiple devices may send trigger
signals to multiple other devices, it desired. In some instances, the first device may be
a subcutaneous cardioverter-defibrillators (S-ICD), and the other devices may be
leadless cardiac pacemakers (LCPs), but this is pust one example.

fu some examples, a system may be capable of operating using some or all of
the above described techniques in any combination. o such cxamples, cach of the
devices of the system may receive a commurnication signal indicating by which mode
of operation the devices should operate. In some cases, cach of the devices may have
an address, and the comnmnication between devices may be directed to particular
devices by referencing the appropriate address(es). In some cases, the commumnication
is simply broadcast to all devices, as desired.

Figure 14 shows another dlustrative technique by which at least two devices of
a medical device system may coordinate to deliver electrical stimulation therapy.
Figures 11-13 above described how multiple devices may coordinate to deliver
clectrical stimulation to a heart by communicating one or more trigger signals, with the
trigger signals causing one or more medical devices to deliver electrical stinwlation

therapy to the heart. Figure 14 illustrates particular timing considerations between
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when a device receives a trigger signal 1406 to deliver electrical stimulation therapy
and when electrical stimulation therapy is actoally delivered.

In the cxaraple shown in Figure 14, a first medical device 1402 cornomunicates
a trigger signal 1406 to a second medical device 1404 when an arrhythoua is detected.
In accordance with any of the techniques described above, after receiving the trigger
signal 1406, the sccond medical device 1404 may deliver pacing pulses 1408 to the
heart. In some cases, the second medical device 1404 may not deliver the pacing pulses
14038 mmediately after receiving the trigger signat 1406, as shown in Figure 14, For
example, it may be beneficial for the second medical device 1404 to deliver pacing
pulses during a particular period of the cardiac cyele of the heart.

Heart signals 1414 can be used to identify the cardiac cycles of the heart. In the
example shown, the heart signals 1414 inchude QRS waves 1418, which in some cases
can be sensed by the second medical device 1404, Generally, a heart is not able o
contract in response to clectrical stimulation just after a contraction of the heart (i.c.
during a refectory period). After a certain time passes after a contraction, the cells of
the heart ;may again be contracted in response to electrical stimulation. Accordingly, i
order to deliver electrical stimulation therapy with a higher chance of causing a
contraction of the heart or a high chance of terminating an arrhythmia, second medical
device 1404 may wait to deliver pacing pulses until after the refractory period expires.

In the example shown i Figure 14, the first medical device 1402 wmay
comnmnicate trigger signal 1406 afier a fivst QRS wave 1410 and at a first tivoe 1430,
After receiving the trigger signal 1406, the second medical device 1404 may wait for a
next QRS wave 1410, After sensing a QRS wave 1418 at second time 1432, the second
medical device 1404 may watt a predetined time period 1412 before delivering pacing
pulses 1408 at a third time 1434, Time period 1412 may be predefined such that when
the second medical device 1404 delivers pacing pulses 1408, the second medical device
1404 delivers pacing pulses 1408 during a non-refractory period of the heart or at a time
that has a greater hikelthood of terminating an arthythnua, Fach subsequent delivered
pacing pulse 1408 may be delivered during subsequent non-refractory periods. For
example, a pacing pulse 1408 may be delivered a predetined tumie period 1412 following
cach subsequent QRS wave 1410, In sore instances, predefined time period 1412 may
be a parameter of pacing pulses 1408 that is communicated to the second medical device

1404 from, for example, the first medical device 1402, but this is not required.

39



WO 2015/200527 PCT/US2015/037504

In some examples, the second medical device, which delivers the electrical
stirnaltation therapy to the heart, may synchronize delivering of the therapy with one or
maore defibrillation pulses. As one example, a medical systemn may jnchude an LCP that
is configured to deliver ATP therapy. The system may further include an SICD that is
configured to deliver defibrillation pulses. After the system determines an occurrence
of an arrhythmia, in accordance with any of the techniques desceribed herein, the SICD
may send a trigger signal to the LCP to deliver pacing pulses in accordance with an
ATP therapy protocol, such as in accordance with any of the illustrative techniques
deseribed herein with respect to Figures 11-14. During the time that the LCP i
delivering ATP therapy, the SICD may be charging a capacitor or the like to deliver a

ctibrillation pulse. Once the SICD has fully charged the capacitor or the like for the
defibrifation pulse, the SICD may communicate with the LCP to stop delivering ATP
therapy, for example by comrunicating a stop trigger signal or the like. In other
examples, the LCP may be configured to deliver ATP for only a certain amount of time,
for example in response to a stored or received pulse train length parameter, which may
or may not coincide with the tirne 1t takes for the SICD to fully charge the capacitor.
After the LCP ceases delivering ATP therapy, the systern may confirm that the
arrhythmia is still occurring. I the system determines that the arrhythmia is still
occurring, the SICD may deliver a defibrillation pulse to the beart. If the system
deterrmines that no arrhythmia is still occarring, the system may return to a normal state
of operation.

In some instances, the LCP device may be the trigger sending device, where the
trigger 1o the SICD causes the SICD to begin charging for a dehbrillation pulse.
Another compuunication from the LCP may cither cause the SICD to deliver the
defibrillation pulse or abort delivering the defibriliation pulse, depending on whether
an arrhythmia is still detected.

In some instances, the SICD determines whether an arrhythmia is occurring.
The SICD may detornune whether an arrhythmia is occurring by itself, or in
conjunction with inputs received from one or more LCP or other devices. The SICD
may then send a trigger signal to begin ATP therapy. After receiving the trigger signal,
an LCP may verify a presence of an arrhythroia based on its own logic, before beginning
to deliver ATP therapy. For example, the LCP may sense, or receive sensed cardiac

clectrical data, and from that data determine whether an arrhythmia is occurring.
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in some cases, the LCP and SICD may use different discrimination methods to
identify when an arrhythima occurs. For example, the LCP may identity an arrhythmia
faster, 1.c. in fower heart beats, than the SICD. For exanmple, the LCP may identify an
arrhythmia after cight (8) heart beats, whereas the SICD may not identify an arrhythmia
until after twenty-four (24) heart beats. In some instances, the LCP may use only heart
rate to identity or discrimminate an arrhythmia and the SICD may use egram morphology
m addition to, or instead of, heart rate to identify or discriminate an arrhythmia. Other
example of techmiques for arrhythmia identification and/or discrimination that may be
implemented differently i the LCP and SICD include heart rate stability/instability,
the time interval for a given change in heart vate {¢.g. arthythrota onset time), duration
of the archythmia, blood pressure, cardiac output, comparison of atrial and ventricular
rates, use of spectral filtering to create more than one version of an egram, use
electrodes in different cardiac locations, use of different types of sensing electrodes
(e.g. pacing clectrodes and shock clectrodes), cardiac conduction times {(c.g. PR
interval).

In some cases, an LCP may operate in a normal state with an inactive
comununication link to an SICD. fo such examples, the LCP may not receive or may
block signals sent from the SICD, such as trigger signals. In such examples, the LCP
may only activate the communication hnk after the LCP has itself determined an
occurrence of au arrhythmia. In other examples the LCP may ouly activate the
comnmnication link afier the LCP has wiself deternuned the likelihood of an arthythioia
is high or the likelihood of an arrhythmia occurring in the near future (e.g. 1 to 60
mirnites) s high, In such examples, keeping the communication link inactive may
mnerease the batiery life of the LCP.

Although some of the above cxamples have been described with respect to an
LCP and an SICD, the disclosed method and techniques are applicable to any swiable
systery including the system disclosed herein, for example systems that inclade
different types of devices and/or system that include different numbers of devices.

Figure 15 is a flow diagram showing an itlustrative method 1500 that can be
myplemented by an llustrative medical system. Tu Figure 15, a {irst one of a plurality
of implantable medical devices may deternune to deliver anti-tachycardia pacing
therapy to the heart of a patient, as shown at 1502, For example, one or more of the
phurality of implantable medical devices may sense and/or recetve cardiac data. Based
on the sensed and/or received cardiac data, one or more of the phurshity of implantable
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medical devices may determine an occurrence of an arrhythmia, such as in accordance
with any of the techiigues described herein. Subsequently, the fivst one of the plurality
of mmplantable medical devices may conununicate a message 1o a second oue of the
phurality of implantable medical devices. The message may instruct the second one of
the phurality of implantable medical devices to deliver anti-tachycardia pacing (ATP)
therapy to the heart, as shown at 1504, For example, the first one of the plurality of
mplantable medical devices may send a trigger signal to the second one of the plurality
of implantable medical devices, such as in accordance with any of the techniques
deseribed herein. Tn response to receiving the message, the second one of the plurality
of imuplantable roedical devices may deliver anti-tachycardia pacing (ATP) therapy to
the heart of the patient, as shown at 1506, For example, the second one of the phurality
of mplantable medical devices may deliver ATP therapy in response o recetving a
trigger signal, such as o accordance with any of the techumiques described herein.
Figure 16 is a flow diagram showing an illustrative method 1600 that can be
implemented by an illustrative medical system. In Figure 16, a first one of a plurality
ot implantable medical devices may deternune a presence of an arrhythmia, where the
first one of the plurality of implantable medical devices may include an SICD, as shown
at 1602, In onc example, the SICD may sense one or more cardiac signals, and/or
receive one or more cardiac electrical signals from other devices. The SICD may, based
on an analysis of the sensed and/or received cardiac signals, deternuine an occarrence
of an arrhythoua, The first one of the plurality of implantable medical devices (e.g.
SICD) may then determine to deliver anti-tachycardia pacing therapy to the heart of the
patient in response to determining a presence of an arrhythimia, as shown at 1604, For
exaraple, the SICD may determine that the deternuned arrhythona is a tachycardia and
may further determine that is desirable for the system to deliver ATP therapy in
response to the determined tachycardia. In some cases, the SICD may then begin to
charge a capacitor of a shock channel in anticipation of delivering a defibrillation pulse
i response to the detormined tachyeardia, as shown at 1606, In some instances,
charging the capacitor may take a particular, non-instantancous amount of time. The
SICD may then conmunicate to a second one of the plurality of implantable medical
devices a message 1o deliver anti-tachycardia pacing therapy to the heart, wherein the
second one of the plurality of implantable medical devices may be a leadless
pacemaker, as shown at 1608, For example, the SICD may send a trigger signal to an
LCP, such as n accordance with any of the techuigues described herein. The LCP may
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then deliver anti-tachycardia pacing {ATP) therapy to the heart during the charging of
the capacitor of the SICD, as shown at 1610, In some mnstances, the LCP may
coordinate delivering ATP therapy with the defibrillation pulse of the SICD, for
example as described above with reference to Figure 14

Those skilled in the art will recognize that the present disclosure may be
manifested in a variety of forms other than the specific embodiments described and
conteroplated herein. As one cxample, as described herein, various examples include
one or more modules described as performing various functions. However, other
examples may include additional modules that split the described functions up over
more modules than that described hercin.  Additionally, other examples may
consolidate the described functions into fower modules. Accordingly, departure in form
and detail may be made without departing from the scope and spirit of the present

disclosure.
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What is clairued 1s:
1. A mcthod of operating a medical systom, the method comprising:
determining, by a first one of a plurality of implantable medical devices, a
presence of an arrhythmia, wherein the first one of a phurality of implantable medical
devices uses a first discrimination method to determine the presence of an arvhythmia;
determining, by a second one of the plurality of implantabie medical devices, a
presence of an arrhythmia, wherein the second one of a plurality of implantable
medical devices uses a second discrimination method to deternmine the presence of an
arrhythmis;
communicating, by the first one of the plurality of implantable medical
devices to a second one of the plurality of implantable medical devices, a message
that is indicative of a detected arrhythmia by the first one of a plurality of implantable

medical devices.

2. The method of claim 1, wherein the fivst one of a plurality of
implantable medical devices is a leadless cardiac pacemaker (L.CP), and the second
one of a plurality of taplantable medical devices is a subcutancous implantable

cardioverter-defibrifator (SICD).

3. The method of any one of claims 1 or 2, wherein the first
discrimination method determines the presence of an arrhythmia faster than the

second discrimination method.

4, The method of any one of claims 1-3, wherein the first discrimination
method uses heart rate only to determine the presence of an arrhythmia, and the
second discrimination method does not use heart rate only to determine the presence

of an arthythmia.

S. The method of claim 4, wherein the second discrimination method

does not use heart rate to determine the presence of an arrhythoua.
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6. The method of any one of claims 4 or 5, wherein the second
discrimination method uses one or more of! egram morphology, heart rate
stability/instability, arrhythmia onset time, duration of an arrhythmia, blood pressure,
cardiac output, comparison of atrial and ventricular rates, and cardiac conduction

tirmes.

-1

The method of any one of claims 4-6, wherein the second
discrimiination method uses two or more versions of an egram generated by spectral

filtering.

K. The method of any one of claims 1-7, wherein the second
discrimination method uses signals from one or more electrodes that are in different

cardiac locations than the first discrimination method.

9. The method of any one of claims 1-8, wherein the second one of the
phurality of implantable medical devices at least one of: begins determining a presence
of an arrhythoua after receiving a message that is indicative of a detected arrhythmia
from the first one of a plurality of implantable medical devices, and completes
determining a presence of an arrhythnsia after receiving a message that 15 indicative of

a detected arthythmia from the first one of a plurality of implantable medical devices.

10 An implantable medical device comprising:

a housing;

a plurality of electrodes connected to the housing; and

a controller disposed within the housing, the controlier configured to:
recetve cardiac clectrical signals via the plurality of electrodes;
determine a presence of an arrhythmia using a first discrimination

method and based at feast in part on the cardiac electrical signals; and
after determining a presence of an arrhythimia using the first

discrimination method, comnunicate a message indicative of a detected

arrhythinia to a separate implantable medical device spaced apart from the

implantable medical device,

I
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wherein the separate medical device is configured to determine a
presence of an arrhythnia using a second discrimination roethod that

different from the first discrimination method.

11 The implantable roedical device of claim 10, wherein the first

discrimination method uses heart rate to determine the presence of an arrhythmia.

12, The implantable medical device of any one of claims 13-11, wherein
the second discrimination method does not use ouly heart rate to determoine the

presence of an arrhythmia.

3. The umplantable medical device of any one of claims 10-12, wherein
the second discrimination method doces not use heart rate to determine the presence of

an arrhythmia.

14, The implantable medical device of any one of claims 10-13, wherein
the second discrimination method uses onc or more of: egram morphology, heart rate
stability/instability, arrhythmia onset time, duration of an arrhythmia, blood pressure,
cardiac output, comparison of atrial and ventricular rates, and cardiac conduction

tirmes.

18, The implantable medical device of any one of claims 13-14, wherein
the separate implantable medical device is configured to, at least one of!
begin determining a presence of an arrhythnia afier receiving a
message that is indicative of a detected arrhythmia from the implantable
medical device, and
complete determining a presence of an arrhythmia afier receiving
message that is indicative of a detected arrhythmia from the first one of a

plurality of nyplantable medical devices.
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IN A FIRST ONE OF A PLURALITY OF
IMPLANTABLE MEDICAL DEVICES, DETERMINE
TO DELIVER ANTITACHYCARDIA PACING
THERAPY TO THE HEART OF THE PATIENT

1502

/

COMMUNICATE A MESSAGE FROM THE FIRST
ONE OF THE PLURALITY OF IMPLANTABLE
MEDICAL DEVICES TO A SECOND ONE OF THE
PLURALITY OF IMPLANTABLE MEDICAL DEVICES,
THE MESSAGE INSTRUCTING THE SECOND ONE
OF THE PLURALITY OF IMPLANTABLE MEBICAL
DEVICES TO DELIVER ANTITACHYCARDIA
PACING THERAPY TO THE HEART; AND

1504

/

Y

IN RESPONSE TO RECEIVING THE MESSAGE, THE
SECOND ONE OF THE PLURALITY OF
IMPLANTABLE MEDICAL DEVICES DELIVERS
ANTITACHYCARDIA PACING THERAPY TO THE
HEART OF THE PATIENT

1506
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1602

DETERMINE, BY A FIRST ONE OF A PLURALITY OF
IMPLANTABLE MEDICAL DEVICES, A PRESENCE OF
AN ARRHYTHMIA, THE FIRST ONE OF A PLURALITY
OF IMPLANTABLE MEDICAL DEVICES INCLURES A

SUBCUTANEQUS IMPLANTABLE CARDIOVERTER-

DEFIBRILLATOR {SICD)

/

A 4

DETERMINE, BY THE FIRST ONE OF A PLURALITY OF
IMPLANTABLE MEDICAL DEVICES, TO DELIVER ANTI-
TACHYCARDIA PACING THERAPY TO THE HEART OF
THE PATIENT IN RESPONSETO DETERMINING A
PRESENCE OF AN ARRHYTHMIA

1604

CHARGE, BY THE FIRST ONE OF A PLURALITY OF
IMPLANTABLE MEDICAL DEVICES, A CAPACITOR OF
A SHOCK CHANNEL OF THE FIRST IMPLANTABLE
MEDICAL DEVICE

1606

/

COMMUNICATE, BY THE FIRST ONE OF THE
PLURALITY OF IMPLANTABLE MEDICAL BEVICES TO
ASECOND ONE OF THE PLURALITY OF IMPLANTABLE
MEDICAL DEVICES, A MESSAGE TO DELIVER ANTI-
TACHYCARDIA PACING THERAPY, WHEREIN THE
SECOND ONE OF THE PLURALITY OF IMPLANTABLE
MEDICAL DEVICES INCLUDES A LEADLESS
PACEMAKER

1608

/

y

DELIVER ANTI-TACHYCARDIA PACING THERAPY TO
THE HEARY OF THE PATIENT BY THE SECOND ONE
OF THE PLURALITY OF IMPLANTABLE MEDICAL
DEVICES DURING THE CHARGING OF THE
CAPACITOR OF THE FIRST IMPLANTABLE MEDICAL
DEVICE

1610
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