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COMMUNICATION OF THERAPY ACTIVITY OF A FIRST
IMPLANTABLE MEDICAL DEVICE TO ANOTHER IMPLANTABLE
MEDICAL DEVICE

TECHNICAL FIELD

The present disclosure generally relates o systems, devices, and methods for
detecting and freating cardiac arrhythmias and, more specifically to multiple device
systems, methods, and devices for detecting and treating cardiac arthythmias and/or

other conditions.

BACKGROUND

Pacing nstruments can be used 1o treat patients suffering from various heart
conditions that may result in a reduced ability of the heart to deliver sufficient amounts
ofbicod to a patient’s body. These heart conditions may lead to rapid, irregular, and/or
wmefficient heart contractions. To help alleviate some of these conditions, varicus
devices {e.g., pacemakers, defibrillators, ete)) can be implanted in a patient’s body.
Such devices may momtor and provide electrical stimuilation to the heart to help the
heart operate 1 a more normal, efficicnt and/or safe manner. In some cases, a paticnt

may have multiple implanted devices.

SUMMARY

The present disclosure relates generally 1o systems and methods for
coordinating detection and/or treatment of abunormal heart activity using multiple
mmplanted devices within a patient. It is contemplated that the multiple implanted
devices may include, for example, pacemakers, defibrillators, diagnostic devices,
and/or any other suitable implantable devices, as desired.

In one example, cardiac activity of the heart can be sensed using one or more
lcadless cardiac pacemakers (LCPs) either alone or in combination with one or more
other devices. The leadless cardiac pacemakers (LCPs) can be implanted in a close
proximity of the heart, such as in or on the heart. Sensing cardiac activity by the one
or more leadless cardiac pacemakers (LCPs) can help the system determine an
occurrence of a cardiac arrthythmia. For treatment purposes, electrical stimulation
therapy, for example anti-tachyarrhythonia pacing (ATP) therapy, can be delivered by
at least one of the devices of the system, such as one or more of the leadless cardiac

pacemakers (LCPs). Such therapy can help treat the detected cardiac arrhythmia, In
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some nstances, one of the leadless cardiac pacemakers (LCPs) can instruct one or more
of the other devices to assist in providing pacing therapy. The one or more other devices
may melude, for example, another leadless cardiac pacemakers (L.CP), a subcutancous
cardioverter-defibrillators (S-1CD), an implantable cardiac pacemakers (ICP}, an
external cardioverter-defibrillators, a diagnostic only device (devices that may sense
cardiac electrical signals and/or determine arthythmias but do not deliver electrical
stimmtlation therapies), a neural stinwdation device, and/or any other suttable device. In
some embodiments, one of the leadless cardiac pacemakers can mstract one or more of
the other devices to temporarily stop providing therapy or to simaply shut down while
another device provides therapy, such as anti-tachyarrhythoda pacing (A'TP) therapy.

In one example, a therapy may be delivered to the heart of the patient using
first one of a plurality of implantable medical devices. A message may be
commumnicated from the first onc of the plurslity of implantable medical devices to at
lcast a second one of the plurality of implantable medical devices before and/or during
debivery of the therapy. In a mwore specific example, a method for delivering anti-
tachycardia pacing therapy to a heart of a patient may include sensing one or more
cardiac signals and determining to deliver an anti-tachycardia pacing therapy based, at
least in part, on the one or more sensed cardiac signals. An anti-tachycardia pacing
therapy may be delivered to the heart of the patient using a first implantable medical
device such as a leadless cardiac pacemaker {LCP). A message may be communicated
from the leadless cardiac pacemaker (LCF) o a second implantable medical device
betore and/or during delivery of the anti-tachycardia pacing therapy. The behavior of
the sccond implantable medical device may be modified in response to receiving the
message from the first fraplantable medical device.  For cxample, the second
mplantable medical device may assist the first implantable medical device n delivering
the anti-tachycardia pacing therapy, temporarily stop providing therapy, temporary
shutdown, or operate in any other suitabic manner as desired.

The above summary 18 ot intended to describe ecach cmsbodiment or every
moplementation 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 conjonction with the

accompanying drawings.

BRIEF BESCRIPTION OF THE BRAWINGS

[
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The discloswre may be more completely anderstood in consideration of the
folowing description of various iliustrative embodiments in connection with the
accompanying drawings, in which:

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

Figwre 2 illustrates an cxemplary icadless cardiac pacemaker (LCP) having
electrodes, according 1o one example of the present disclosure;

Figure 3 i3 a schematic diagram of an exemplary medical system that inchudes
muftiple leadless cardiac pacemakers (LCPs) and/or other dovices in communication
with one another of the present disclosure;

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

Figure 5 is a schematic diagram of the a syster incloding an LCP and another
medical device, in accordance with another example of the present disclosure;

Figure 6 is a scheomatic diagram illostrating a multiple leadless cardiac
pacemaker (LCP) system in accordance with another example of the present disclosure;

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

Figwe 8 is 8 scheomatic diagram illustrating & mmuitipie leadiess cardiac
pacemaker {LCP} systern where two LUPs are iplanted within a single chamber of a
heart, tn accordance with yet another example of the present disclosure;

Figure 9 18 a schematic diagram illustrating a multiple leadless 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 1s a block diagram of an exemplary medical system mncluding a master
device and muoktiple slave devices;

Figure 11 is a flow diagram showing an ilustrative method of the present
disclosure;

Figure 12 is a flow diagram showing another illustrative method of the present
disclosure; and

Figure 13 is a flow diagram showing vet another illustrative method of the

present disclosure.
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While the disclosure is amenabile to various modifieations and aliernative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. 1t should be understood, however, that the intention is not to limit
aspects of the disclosure to the particular iHusirative 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 stmilar clements n different drawings arc numbered the same. The description
and the drawings, which are not necessarily to scale, depict illustrative embodiments
and are not intended to Hmit the scope of the disclosure.

A normal, healthy heart induces cootraction by conducting intrinsically
generated clectrical signals throughout the heart. These intrinsic signals cause the
nuscle cells or fissue of the heart to contract, This contraction forces blood out of and
mto the heart, providing circulation of the blood throughout the rest of the body.
However, many paticnts suffer from cardiac conditions that affect this contractility of
their hearts.  For example, some hearts may develop discased tissues that no longer
gencrate or condoct intrinsic clecirical signals. In some examples, diseased cardiac
tissues conduct elecirical signals at differing rates, thereby causing an unsynchronized
and inefficient contraction of the heart.  In other cxamples, a heart may generate
mtrinsic signals at such a low rate that the heart rate becomes dangerously low. In still
other examples, a heart may generate clectrical sigoals at an unusually high rate. In
some cases such an abnormality can develop mto a fibrillation state, where the
contraction of the patient’s heart is almost completely de-synchronized and the heart
purmps very hittle to ne blood.

Many medical device systoms bave been developed to assist patients who
experience such abnormitics. For example, systerns have been developed 1o sense
mtringic cardiac electrical signals and, based on the sensed electrical signals, determine
whether the patient 1s saffering from one or more arrhythimias. Such systems may also
mclude the ability to deliver clecirical stimulation to the heart of the patient in order to
treat the detected arshythmias. fn one example, some medical device systems include
the abihity to identify when the heart 1§ beating at too low of a rate, termed bradycardia.

Such systems may deliver elecirical stimulation therapy, or “pacing” pulses, that cause
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the heart to contract at a higher, safer rate. Some medical device sysiems are able to
determine when 3 heart is beating at too fast of a rate, termed tachycardia. Such systems
may further jnclude one or more anti-tachycardia pacing {ATP) therapies. One such
ATP therapy ncludes delivering elecirical stimulation 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 stimulstion protocol may cause the heart to contract in response
to the delivered pacing pulses as opposed to the intrinsically 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

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 determine when the heart is in a fibnillation state. Such systems 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 goeal of overpowering any intrinsically
enerated signals. Such a therapy may “reset” the heart, from an electrical standpoint,
which may allow for vormal electrical processes to take over. Other medical systems
may be able to sense that inrinsically generated signals are generated at differing times
or that the heart conducts such signals at differing rates. These abnormalitics may result
in an unsynchronized, incfficient cardiac contraction. The system may further include
the ability to administer one or mere cardiac resyoachronization therapies (CRTs). One
such CRT may include delivering electrical stimulation to the heart at differing
locations on and/or within the heart. Such methods may help the disparate parts of the
heart to contract near simultancously, or 1n a syochronized manner if the system dehivers
the electrical stimulation to the disparate locations at differing times.

The present disclosure relates generally to systems and methods for
coordinating detection and/or treatment of abnormal heart activity using multiple
waplanted devices within a patient. In some instances, a medical device system may
mehide a plurality of devices for detecting cardiac arrhythmias and delivering electrical
stimulation therapy. For example, illustrative systems may inclade devices such as
subcutancous cardioverter-defibrillators (S5-1CD), external cardioverter-defibriliators,
mplantable cardiac pacemakers (JCP), leadless cardiac pacemakers (LCPs), diagnostic

only devices {devices that may sense cardiac electrical signals and/or determine
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arthythmias but do not deliver clectrical stimulation therapies) and/or neoral
stimulation devices.

Figure 1 dlustrates a block diagram of an exeoplary medical device 100
{referred to heremafter as, MD [00) that may be used n accordance with various
examples of the present disclosare. In some cases, the MD 100 may be used for sensing
infrinsic cardiac activity, determining occurrences of arrhythmias, and delivering
clectrical stivwalation in response to determining an eccurrence of an arrhythmia. In
some instances, MD 100 can be implanted within a patient’s body, at a particular
location (e.g., in close proximity to the paticnt’s heart), {0 sense and/or regulate the
cardiac activity of the heart. In other examples, MDD 160 may be located externally to
a patient to sense and/or regulate the cardiac activity of the heart. In one example,
cardiac contractions generally resudt from electrical signals that are intrinsically
generated by a heart. These clectrical signals conduct through the heart tissue, causing
the muscie cells of the heart o contract. MDD 100 may include features that allow MD
100 to sense such elecirical signals and/or other physical parameters (e.g. mechanical
contraction, heart scunds, blood pressure, bicod-oxygen levels, ote.) of the heart. Such
clectrical signals and/or physical propertics may be constdered “cardiac activity.” MD
100 may inclode the ability to determine occurrences of arrhythmias based on the
sensed cardiac activity. In some examples, MD 100 may be able to deliver electrical
stimlation to the heart in order o treat any detected arrhythmias. For example, MD
100 roay be configured to deliver electrical stimulation, pacing pulses, defibrillation
pulses, and/or the like i order to implement one or more therapics, such as bradycardia
therapy, ATP therapy, CRT, defibrillation, or other electrical stinmilation therapies.

Figure 1 is an illustration of one example medical device 100, The dlustrative
MDD 100 may include a sensing module 102, a pulse generator module 104, a processing
module 106, a telemetry module 108, and a battery 110, all housed within a housing
128, MD 100 may further include leads 112, and clectrodes 114 attached to housing
120 and in clectrical communication with one or more of the modules 102, 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, icads 112 are implanted on or within the heart of the paticnt. Leads
1i2 may 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 clectrodes 114, Generally,

on
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clectrodes 114 are positioned on leads 112 such that when leads 112 are implanted
within the patient, one or more clectrodes 114 are in contact with the patient’s cardiac
tissuc.  Accordingly, clectrodes 114 may conduct intrinsically generated clectrical
signals to leads 112, Leads 112 may, in turn, conduct the received electrical signals to
one or more modules 102, 104, 106, and 108 of ME 100. In 2 similar manner, MD 100
may generate clectrical stimulation, and leads 112 may conduct the generated electrical
stimmtation to clectrodes 114, Electrodes 114 may then conduct the clectrical signals
io the cardiac tissue of the patient. When discussing sensing intrinsic signals and
defivering electrical stimulation, this disclosure may consider such conduction fmplicit
in those processes.

Sensing module 102 may be configured to sense the cardiac clectrical activity
of the heart. For example, sensing moedule 102 may be connected to leads 112 and
clectrodes 114 through leads 112 and seusing module 102 may be configured to receive
cardiac clectrical signals conducted through clectrodes 114 and leads 112, In some
examples, leads 112 may include various semsors, 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 examples, such
sensors may be connected divectly 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 sensors connected to sensing module 102, cither divectly or through leads 112,
Senstug modules 102 may additionally be connected 10 processing module 106 and may
be configured to communicate such received signals to processing moduole 106.

Pulse generator module 104 may be connected to electrodes 114, In some
cxamples, pulse generator module 104 may be configured to gencrate an clectrical
stimulation signals to provide electrical stimulation therapy to the heart. For example,
pulse generator module 104 may gencrate such a signal by using energy stored in
battery 110 within MD 100, Pulse generator module 104 may be configured to generate
clectrical stimulation signals in order o provide one or muhtiple of a number of different
therapies. For example, pulse generator module 104 may be configored to generate
clectrical stimulation signals to provide bradycardia therapy, tachycardia therapy,
cardiac resynchronization therapy, and fibrillation therapy. Bradycardia therapy may
mclade generating and delivering pacing pulses at a rate faster than the intrinsically
gencrated electrical signals i order to try to increase the heart rate. Tachycardia

therapy may include ATP therapy as described herein.  Cardiac resynchronization
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therapy may include CRT therapy also described herein.  Fibrillation therapy may
mchude delivering a fibrillation pulse fo try to override the heart and stop the fibrillation
state. In other examples, pulse generator 104 may be configured to gencrate clectrical
stimulation signals to provide electrical stimulation therapies different than those
described herein to treat one or more detected arrhythmias.

Processing module 106 can be configured to control the operation of MDY 100,
For example, processing module 106 may be configured to reccive electrical signals
from sensing module 102, Based on the received signals, processing module 106 may
be able to determine occurrences of arthythmiss. Based on any determined
arrhythmdas, processing module 106 may be configured to control pulse geuerator
module 104 to generate electrical stimulation in accordance with one or more therapies
to treat the determined one or more arvhythmias, Processing module 106 may further
receive information from telemetry module 108, Insome examples, processing module
106 may use such received information in determining whether an arrhythmia s
occurring or to take particular action in response to the information. Processing module
106 may additionally control telemetry module 108 to send mnformation to other
devices.

In some examples, processing module 106 may include a pre-programmed chip,
such as a very-large-scale integration (VLSI} chip or an apphication specific integrated
circuit {ASIC). In such embodiments, the chip may be pre-programmed with control
logic in order to control the opeoration of MID 100, By using a pre-programamed chip,
processing module 106 may use less power than other programmable circuits while able
o maintain basic functionality, thereby increasing the battery life of MD 100, In other
examples, processing module 106 may include a programmable micreprocesser. Such
a programmable microprocessor may allow a user to adjust the control logic of MD
130, thereby allowing for greater flexdbility 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 imformation on and read
mformation from the memory circuit.  In other examples, MD 100 may include a
separate memory circuit (not shown) that 1s in conumunication with processing modale
106, such that processing module 106 may read and write information to and from the
separate memory civeuit.

Telemetry module 108 may be configured to communicate with devices such as

sensors, other medical devices, or the like, that are located externally to MD 100, Such



WO 2015/106011 PCT/US2015/010676

devices may be located either external or internal to the patient’s body. hrespective of
the location, cxtomal devices (i.e. cxternal to the MD 100 but not necessarily external
to the patient’s body) can conunumicate with MD 100 via telemetry module 108 to
accomplish one or more desired functions. For example, MD 100 may communicate
sensed electrical signals to an external medical device through telemetry module 108,
The cxternal medical device may use the communicated clectrical signals in
determining occurrences of arrhythmias. MD 100 may additionally receive sensed
electrical signals from the external medical device through telemetry module 108, and
MD 100 may usc the received sensed clectrical signals in detormining occurrences of
arrhythndas., Telemetry module 108 may be configured to use one or more methods
for commumicating with external devices. For example, telemetry module 108 may
communicate via radiofrequency (RF) signals, inductive coophing, optical signals,
acoustic signals, conducted commumication signals, or any other signals suitable for
communication. Communication techniques between MD 100 and external devices
will be discussed in further detail with reference to Figure 3 below.

Battery 110 may provide a power source to MD 100 for its operations. In one
cxample, battery 110 may be a non-rechargeable hthium-based battery.  In other
examples, the non-rechargeable battery may be made from other suitable materials
know in the art. Because, in examples where MD 100 is an implantable device, access
to MD 100 may be limited, it is necessary to have sufficient capacity of the battery to
debiver sufficient thorapy over a period of freatment such as days, weeks, mounths, or
years. In other examples, battery 110 may a rechargeable lithiom-based battery in order
io facilitate increasing the useable lifespan of MD 10{.

In general, MDY 100 may be similar to one of 2 number of existing medical
devices. For example, MD 100 may be similar to various implantable medical devices.
In such examples, housing 120 of MD 100 may be implanted in a transthoracic region
of the patient. Housing 120 may generally include any of a number of known materials
that arc safe for toplantation in a human body and may, when implanted, hermetically
seal the various components of MD 100 from fluids and tissues of the patient’s body.

In some examples, MD 100 may be an implantable cardiac pacemaker JCP).
In such an example, MD 100 may have one or more feads, 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 tissoe and/or blood of the

patient’s heart. MD 100 may also be configured to sense intrinsically gencrated cardiac

9
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clectrical signals and determine, for example, one or more cardiac arrhythmias based
on analysis of the sensed signals. MD 100 may further be configured to deliver CRT,
ATP therapy, bradycardia therapy, defibrillation therapy and/or other therapy types via
leads 112 implanted within the heart.

In some instances, ME 100 may be a sabeutancous cardioverter-defibrillator (5-
ICB). In such examples, one of leads 112 may include a subcutancously implanted
lcad. In some cases, MDD 100 may be configured to sense intrinsically generated cardiac
clectrical signals and determine one or more cardiac arrhythmias based on analysis of
the sensed signals. MD 1060 may further be configured to deliver one or more
defibrillation pulses in response to deterpining an arrhythmia.

In still other examples, MD 100 may be a leadless cardiac pacemaker (LCP —
described more specifically with respect to Figure 2). In such examples, MD 100 may
not inchide leads 112 that extend away from housing 120, Rather, MD 100 may tnclude
clectrodes 114 coupled relative to the housing 120, In these examples, MD 100 may
be implanted on or within the patient’s heart at 8 desired location, and may be
configired to deliver CRT, ATP therapy, bradycardia therapy, and/or other therapy
types via clectrodes 114,

fn 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 confraction, heart sounds, blood pressure,
blood-oxygen levels, ete. MID 100 may further be configured to determine occurrences
of arrhythimias based on the sensed or received cardiac electrical signals and/or physical
parameters. In onc example, MD 100 may do away with pulse generation moduic 104,
as MDD 100 may not be configured to deliver electrical stimulation in response to
determining an occurrence of an arthythmia. Rather, in order to respond to detected
cardiac arthythmias, MD 100 may be part of a system of medical devices. Insoch 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
stimulation therapy, in response to the receive information from MD 100. The term
pulse generator may be used to describe any soch device that is capable of delivering
electrical stimulation therapy to the heart, such as an ICD, ICP, LCP, or the like.

In some example, MD 100 may not be an mmplantable medical device. Rather,
MD 100 may be a device external to the patient’s body, and may inchude skin-electrodes

that arc placed on 3 patient’s body. In such cxamples, MD 100 may be able to sense

16
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surface cardiac electrical signals (e.g. electrical signals that are generated by the heart
or device implanted within a pationt’s body and conducted through the body to the
skin). in such examples, MD 100 may still be contigured to deliver various types of
clectrical stimulation therapy.  In other examples, however, MD 100 may be a
diagnostic-only device.

Figure 2 is an illustration of an exemplary leadless cardiac pacemaker {(LCP)
200, In the example shown, LCP 200 may include ail of the modules and components
of ME» 100, except that LCP 200 may not inchude leads 112, As can be scen in Figure
2, LCP 200 may be a compact device with all components housed within LCP 200 or
directly on housing 220, As illustrated wn Figure 2, LCP 200 may include telemetry
modide 202, pulse generator module 204, processing module 210, and battery 212,
Such components may have a similar fimetion to the similarly named modules and
components as discussed in conjunction with MD 160 of Figure 1.

In some examples, LCP 200 roay inclade clectrical sensing module 206 and
mechanical sensing module 208, Electrical sensing module 206 may be similar to
sensing modale 102 of MDy 100. TFor example, electrical sensing moedule 206 may be
configured to receive electrical signals generated intrinsically by the heart. Electrical
sensing module 206 may be in electrical connection with electrodes 214, which may
conduct the intrinsically generated electrical 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 exanwple,
mechanical sensing module 208 may include, or be in clectrical conumunication with
one or morg sensors, such as accelerometors, blood pressure sensors, heart sound
seusors, blood-oxygen sensors, and other sensors which measure physiclogical
parameters of the patient. Although described with respect to Figure 2 as separate
sensing modoles, in some examples, electrical sensing wodale 206 and mechanical
sensing module 208 may be combined into a single module.

In at {east one example, cach of modules 202, 204, 206, 208, and 210 lustrated
m Figure 2 may be implemented on a single integrated circuit chip. In other examples,
the illustrated components may be implemented in multiple integrated cireuit chips that
are in electrical commumnication with one another. Al of modules 202, 204, 206, 208,
and 210 and battery 212 may be encompassed within housing 220, Housing 220 may

generally include any material that is known as safe for implantation within a human
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body and may hermetically seal modeles 202, 204, 206, 208, and 210 and battery 212
from fluids and tissues when LCP 200 is implanted within a patient.

As depicted in Figure 2, LCP 200 may mclude 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 ¢lectrical communication with one or more of modules 202, 204, 206,
208, and 210. In some cxamples, clectrodes 214 may be connected to housing 220 only
through short connecting wires such that clecirodes 214 are not directly secured relative
o housing 220. In some cxamples, LCP 200 may additionally include one or more
clectrodes 2147, Electrodes 2147 may be positioned on the sides of LCP 200 and
merease the number of electrodes by which LCP 200 may sense cardiac electrical
activity and/or deliver clectrical stimulation. Electrodes 214 and/or 2147 can be made
up of one or more biocompatibic conductive materials such as various metals or alioys
that are known to be safe for implantation within a human body. In some instances,
electrodes 214 and/or 214° conmected to LCP 200 may have an msulative portion that
clectrically isolates the electrodes 214 from, adjacent electrodes, the housing 220,
and/or other materials.

To tmplant 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 nclude one or more pins, staples, threads, screws, helix, tines, and/or the like, In
some 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 include other structures such as
barbs, spikes, or the like to facilitate engagement with the surrounding cardiac tissue.

The design and dimensions of MD 100 and LCP 200, as shown in Figures 1 and
2, respectively, can be selected based on various factors. For example, if the medical
device is for implant on the endocardial tissue, such as is sometimes the case ofan LCP,
the medical device can be introduced through a fomoral vein into the heart. In such
mstances, the dimensions of the medical device may be such as to be navigated
smoothly through the tortucus path of the vein without causing any damage to

surrounding tissue of the vein. According to one cxample, the average diameter of the
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fermoral vein may be between about 4mm to about 8mm in width, For navigation to the
heart through the femoral vein, the medical device can have a diameter of at less than
mm. In some examples, the medical device can have a cylindrical shape bhaving =
circular cross-section. However, it should be noted that the medical device can be made
of any other suitable shape such as rectangular, oval, ete. A flat, rectanguolar-shaped
medical device with a low profile may be desired when the medical device is designed
to be implanded subcutancously,

Figures 1 and 2 above described various examples of MD 100, In some
examples, a medical device system may include 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 abnormalitics. Some example systems
will be described below in connection with Figures 3-10. Tn such multiple device
systems, it may be desirable to have a medical device conununicate with another
medical device, or at least receive various communication signals from ancther medical
device.

Figure 3 tHustraies an example of a medical device system and a commumnication
pathway via which multiple medical devices may communicate. In the example shown,
medical device system 300 may mclade LCPs 302 and 304, external medical device
306, and other sensors/devices 310, External device 306 may be any of the devices
described previously with respect to MD 100, Other sensors/devices 310 may also be
any of the devices described previously with respect to MD 100, In other examples,
other sensors/devices 310 may inclade a sensor, such as an accelerometer or blood
pressure sensor, of the like, In still other examples, other sensors/devices 310 may
mchide an external prograsuner device that may be used to program one or more
devices of system 300,

Various devices of system 300 may communicate via communication pathway
308, For example, LTPs 302 and/or 304 may sense intrinsic cardiac clectrical signals
and may conununicate such signals 10 ovne or more other devices 302/304, 306, and 310
of system 300 via communication pathway 308. In one example, external device 306
may receive sach signals and, based on the received signals, determine an oceurrence
of an arthythunia. In some cases, external device 306 may commumicate such
determinations 10 one or more other devices 302/304, 306, and 310 of system 300,
Additionally, one or 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
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delivering a suitable electrical stimulation. This description is just one of many reasons
for communication between the various devices of system 300,

Covvuupication pathway 308 may represent one or more of various
commumnication methods. For example, the devices of systern 300 may communicate
with each other via RF signals, inductive coupling, optical signals, acoustic signals, or
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
communication signals. Accordingly, devices of system 300 may have components
that allow for conducted communication. In examples where commuunication pathway
308 mchides conducted commumication signals, devices of system 300 may
communicate with each other by sensing electrical commumnication pulses delivered into
the patient’s body by another device. The patient’s body may conduct these electrical
communication pulses to the other devices of systeme 300. In such examples, the
debivered electrical communication pulses may 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 clectrical commumuication pulses at a voltage
level that is sub-threshold. That is, the voltage amphtude of the dehivered clectrical
communication pulses may be low enough as to not captore the heart {e.g. not causc a
contraction). Although, in some circumstances, one or more delivered electrical
communication pulses may capture the heart, and in other circumstances, delivered
clectrical stimulation puises may not capture the heart. In some cases, the delivered
electrical communication pulses may be modulated (e.g. pulse width modulated), or the
timing of the delivery of the communication pulses may be modulates, to cncode the
communicated information. These are just some examples.

As mentioned above, some example systems may employ multiple devices for
determining occurrences of arrhythmias, and/or for delivering electrical stimulation
therapy in response to determining ove or more arrhythmias, o some cmbodiments
employing multiple devices, one or more of the multiple devices may, for example,
detect an occurrence of arrhythmia while one or more different devices may debiver an
anti-tachycardia pacing therapy. In some embodiments, a first medical dovice may
communticate a need for assistance to a second medical device, and the second medical
device may work with the first medical device to deliver a more effective pacing

therapy. In some cmbodiments, a second medical device may tustead be instructed by
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the first medical device to temporarily cease operation while the first medical device
delivers an anti-tachycardia pacing or other thevapy.

For example, if a paticot has an atrial LCP and a ventricular LCP,  may be
advantageous for the amial LCP to be inhibited while the venmmicular LCP dehivers anti-
tachycardia pacing therapy to the patient’s heart. In some embodiments, such as in a
CRT therapy situation, some patients respond better to pacing therapy delivered to both
the left ventricle and the right ventricle. It is advantageous in these situations to
coordinate ant-tachycardia pacing therapy between the LCP disposed in or near the left
ventricle and the LCP disposed in or near the right ventricle, 1f present, an atrial LCP
is inhibited during the anti-tachycardia pacing therapy. In contrast, some patients may
respond better to anti-tachyeardia pacing therapy delivered only to a single ventricle.
In such instances, either the left ventricle LCP or the right ventricle LCP may deliver
anti-tachycardia pacing therapy while the other ventricular LCP may be inhibited. Any
atrial LOP, if preserd, may be inhibited. In some embodiments, if an 5-1CD 15 present
and a need for defibrillation is determined, the LCPs present in or near the patient’s
heart may be instructed to cease operation, and possibly isolate their internal cirenits
from thetr inputoutput electredes (rendering the clectrodes inactive) for their own
protection, before the S-1CD delivers a defibrillation shock.

Figure 3, for example, shows LCP 302 disposed in the right ventricle and LCP
304 disposed in the left ventricle. if a need for amti-tachycardia pacing therapy is
determined, in some embodiments, one of the LCPs 302, 304 may instruct the other
LCP {0 assist i providing biventricular anti-tachycardia pacing therapy. In some
cmbodiments, LCP 302 may provide right ventricelar snti-tachycardia pacing therapy
while LCP 304 romains dormant.  In some embodiments, LCP 304 moay provide left
ventricular anti-tachycardia pacing therapy while LCP 302 remains dormant. In some
embodiments, both LCP 302 and LCP 304 may be mstructed to remain dormant while
another device provides pacing therapy.

Figures 3-10 describe various exarple systems that may use multiple devices
m order to determine oceurrences of arrhythmias and/or deliver electrical stimulation
therapy. However, Figures 3-10 should not be viewed as limiting examples. For
example, Figures 3-10 describe how various multiple device systems may coordinate
to detect various arrhythmias. However, any combinations of devices such as that
described with respect to MD 100 and LCP 200 may used in concert with the below

described techniques for detecting arrhythodas.  Additionally, although the below
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description focuses on how devices of various systems may operate to detect
arrhythmias, such devices may additionally operate to deliver clectrical stimulation
therapy in accordance with one or more techniques, such as described in the co-pending
provisional applications ntled “XXX7, filed on [DATE] (1001.3485100), and “YYVY™,
filed on [DATE] (1001.3486100), both of which are hereby incorporated by reference
in their entirety,

Figure 4 iilustrates an example medical device system 400 that includes an LCP
402 and a pulse generator 406, In some examples, pulse generator 406 may be either
an external cardioverter-defibrillator or an ICD. For example, pulse generator 406 may

¢ such devices as described previously with respect to MDD 106, In some cxamples,
pulse gencrator 406 may be an S-ICD. In examples where pulse generator 406 1s an
external cardioverter-defibrillator, electrodes 408a, 408b, and 408¢ may be skin
electrodes that reside on the patient’s body. In examples where pulse generator 406 is
an S-ICD, electrodes 408a, 408b, and 408¢ may be attached to a subcutancous lead that
is tmplanted within the patient’s body proximate, but not on or within the heart 410.

As shown, LCP 402 may be implanted within heart 416, Although LCP 402 18
depicted as being implanted within the left ventricle (LV) of heart 410, in other
examples, LCP 402 may be implanted within a ditferent chamber of the heart 410, For
example, LCP 402 may be implanted within the left atriom (LA} of heart 410 or the
right atrium {RA) of heart 410. To other examples, LCP 402 may be implanted within
the right ventricle (RV) of heart 410.

In any event, LCP 402 and pulse generator 406 may operate together to
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
described above, cardiac activity may include sensed cardiac clectrical signals and/or
sensed physiclogical parameters. In such examples, each of LCP 402 and pulse
generator 406 may operate to determine occurrences of arrhythimias independently of
one another based on the independently seused cardiac activity, When a first of LCP
402 or pulse generator 406 makes a first determination of an arrhythmia, that first
device may communicate the first determination to the second device. If the second
device of sysiem 400 also makes a determination of an archythmia, ¢.g. a second
determination of an arrhythmia, based on its own sensed cardiac activity, the arrhythmia
may be confirmed and the system 400 may begin to deliver appropriate eloctrical

stimtlation therapy to heart 410. o this manner, both devices 402 and 406 of system

16



WO 2015/106011 PCT/US2015/010676

400 may be used to determine an occurrence of an arrhythmia. In some examples, when
only onc of devices 402 or 406 determines an occurrence of an arrhythida, and the
other docs not, system 400 may still begin to deliver appropriate electrical stimulation
therapy to heart 410,

In other examples, only one of devices 402 and 406 actively senses cardiac
activity and determines occurrences of arrhythmias. For example, when the actively
sensing device {e.g. LCP 402) determines an occurrence of an arrhythmda, the actively
sensing device may communicate the determination to the other device {e.g. Pulse
Generator 406} of system 400, System 400 may then begin to deliver appropriate
clectrical stimmlation therapy to heart 410, In avother example, the device which
actively senses carcdiac 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.  System 400 may then begin to deliver
appropriate clectrical stimmalation therapy 1o heart 410, To some of these examples, the
other device may additionally communicate the determination of an arrhythmia to the
actively sensing device.

In stll other examples, only a first of devices 402 or 406 continuously senses
cardiac actively. The first device {e.g. Pulse Generator 406) may contimually determine,
based on the sensed cardiac activity, occurrences of arthythmias. In such examples,
when the first device determines an occurrence of an archythmia, the first device may
communicate the determination to the second device (e.g. LCF 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 arrhytlunia. o such examnples, only after the second
device also determines an occurrence of an arrhythmia, system 400 may begin to deliver
appropriate electrical stimulation therapy to heart 410.

In some examples, determining an occurrence of an arrhythmia may include
determining a begioning of an arrhythmia, and systern 400 may be configured fo
determine when 1o begin to deliver electrical stimulation therapy. In some examples,
determining an cecwrrence of an arrhythmia may include determining an end of an
arthythmia. In such examples, system 400 may be configured to aiso determine when
1o cease to deliver electrical stinuidation therapy.

In examples where system 400 operates to deliver appropriate electrical

stimtlation therapy to heart 410, if the determined archythmia is a fibrifiation, pulse
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generator 406 may operate to deliver a defibrillation pulse to heart 410, In examples
where the determined arrhythimia 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 examples where the determined
arrhythimia is un-synchronized contractions, LCP 402 may deliver CRT to heart 410.

Figure § iilustrates an example medical device system 500 that inchudes an LCP
502 and = pulse generator 506, In this example, pulse generator 506 may be an
implantable cardiac pacemaker (JCP). For example, pulse generator 506 may be an ICP
such as that described previously with respect to MD 100, In examples where pulse
generator 506 s an ICP, clectrodes 5048, 504b, and 504¢ may be traplanted on or within
the right ventricle and/or right atrium of heart 510 via one or more leads.

LCP 502 may be implanted within heart $10. Akhough LCP 502 is depicted
iplanted within the left ventricle (V) of the heart 510, in some instances, LCP 502
may be implanted within a different chamber of the heart 510, For exanple, LCP 502
may be implanted within the left atriiom (LA} of heart 510 or the right atriom (RA) of
heart 510, In other examples, LCP 502 may be implanted within the right ventricle
{(RVY) of heart 510,

In any event, LCP 502 and pulse generator S06 may operate together to
determine occurrences of cardiac arrhythimias of heart 510, In some instances, devices
502 and 506 may coperate independently to sense cardiac activity of heart 510, As
described above, cardiac activity roay include sensed cardiac electrical signals and/or
sensed physiological parameters. In some cases, each of LCP 502 and pulse generator
306 may operate to determine occurrences of arrhythmias independently based on the
ndependently sensed cardiac activity. When a first of LCP 502 or pulse generator 506
makes & first determination of an arrhythmia, that first device may conmmmunicate the
first determination to the second device, 1 the second device of system SO0 also makes
a determination of an arrhythmia, ¢.g. a seccond determination of an arrhythimia, based
on its own seused cardiac activity, system 500 may confirm the arrhythumia and vay
begin to deliver appropriate electrical stinudation therapy to heart 510, In this manner,
both devices 502 and 506 of system 300 may be used to determine an occurrence of an
arrhythmis. Insome instances, when onfy a single one of devices 502 or 506 determines
an occurrence of an arrthythnua, system SO0 may also begin to deliver appropriate

electrical stimulation therapy to heart 510.
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In some examples, only one of devices 502 and 506 may actively sense cardiac
activity and determine occwrrences of arthythinias. For example, when the actively
seusing device (e.g. pulse gencrator 506) determines an occurrence of an archythmia,
the actively sensing device may communicate the determination o the other device {e.g.
LCP 502) of system 500. System SO0 may then begin to deliver appropriate electrical
stimlation therapy to heart $10. o some examples, the device which actively scuses
cardiac activity may communicaie 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 archythmia. System SO0 may then begin to deliver appropriate
clectrical stimulation therapy to heart 510, In somue justances, the other device may
additionally communicate the determination of an arrhythmia to the actively sensing
device.

In still other examples, only a first of devices S02 or 506 may continuously
senses cardiac actively., The first device may additionally continually determing, based
on the sensed cardiac activity, occuarrences of arvhythimias, In some examples, when
the first device determines an ocowrence of an arrhythmia, the first device may
communicate the determination 1o the second device. Upon receiving a determination
of an occurvence 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 arrthythmia. In such examples, only afier the sccond device also
determines an occurrence of an arthythmia, systern 500 may begin to deliver
appropriate electrical stimulation therapy to heart 510.

In some examples, determining an occurrence of an arrhythmia may include
determining a beginning of an arrthythnua, and system 500 may be configured to
determine when to begin to deliver electrical stimulation therapy. In some examples,
determining an occorrence of an arrhythmia may nclode determining an end of an
arthythinia. In such examples, system 50( may be configured to determine when to
cease to deliver clectrical stimulation theorapy. o examples where system 500 does not
egin to deliver appropriate electrical stimulation therapy to heart 510 vntil multiple
devices determine an occurrence of a cardiac arrhythmia, cach of the determinations
that do not trigger delivery of electrical stinwlation therapy may be termed provisional
determinations.

In examples where system 500 operates to deliver appropriate electrical

stimulation therapy to heart 510, if the determined archythmia is a tachycardia, either
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pulse generator 506, LCP 502, or both may deliver ATP therapy to heart S10. In
examples where the determined arrhythia is a bradycardia, cither pulse generator 306,
1.CP 502, or both may deliver bradycardia therapy to heart 510, fo examples where the
determined arrhythmia is un-synchronized contractions, cither pulse gencrator 506,
LCP 502, or both may dehiver CRT to heart S10.

Figure 6 illustrates an example medical device system 600 that includes 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, in other examples, LCPs
602 and 606 may be implanted within different charobers of heart 610, For example,
system 600 may include LCPs 602 and 606 implanted within both atria of heart 610,
In other examples, system 6060 may include LCPs 602 and 606 implanted within one
atrigm and one ventricle ofheart 610, In more cxamples, system 600 may include LCPs
602 and 606 implanted within any combination of ventricles and atria.  In et other
examples, system 600 may include LCPs 602 and 606 implanted within the same
chamber of heart 610.

In any event, and in some examples, LCP 602 and LCP 606 may oporate
together to determine occurrences of cardiac arvhythmias of heart 610, For example,
devices 602 and 606 may operate independently to sense cardiac activity of heart 610.
As described above, cardiac activity may include sensed cardiac clectrical signals
and/or sensed physiological parameters. In such examples, cach of LCP 602 and L.CP
636 may operate to determine occurrences of arrhythmias independently based on the
mdependently sensed cardiac activity. When a first of LCP 602 or LCP 606 makes a
first determination of an arthyvthmia, that first device may conununmicate the first
determunation to the second device. If the second device of system 600 also makes a
determination of an arrhythmia, e.g. a second determination of an arrhythmia, based on
iis own sensed cardiac activity, system 600 may condirm the arrhythimia and may begin
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
arthythmia. In some examples, when only a single one of devices 602 or 606
determines an occurrence of an arrhythuoda, system 600 may begin to deliver
appropriate electrical stimulation therapy to heart 610,

In other examples, only one of devices 602 and 606 may actively sense cardiac

activity and determine occurrences of arrhythimias. In some of these examples, when
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the actively sensing device {e.g. LCP 606) determines an occurrence of an arrhythmia,
the actively sensing device may communicaie the determination to the other device {e.g.
1L.CP 602) of system 600. Systern 600 roay then begin to deliver appropriate clectrical
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 delermine an cccuwrrence
of an arthythmia. System 600 may then begin to deliver appropriate clectrical
stimulation therapy to heart 610, In some of these examples, the other device may
additionally conununicate the determination of an arrhythinia to the actively sensing
fevice 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 comtingally determine, based on the sensed
cardiac activity, occurrences of arrhythmias. In such examples, when the first device
determines an occurrence of an arthythimia, the first device may communicate the
determination to the second device. 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 deterniine an oceurrence of an
arthythmia.  In such examples, only after the second device also determines an
ocowrrence of an arvhythmia does system 600 begin to deliver appropriate electrical
stimlation therapy to heart 610

In some examples, determining an occurtence of an arrhythimia may inclade
determining a beginning of an arrhythmia, and system 600 may be configured to

ctermine when to begin to deliver elecirical stimulation therapy. In some examples,
determining an occurrence of an archythmia may include determining an ond of an
arrhythnua. In such examples, system 600 may be configured to also determine 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 vntil multiple
devices determine an occurrence of a cardiac arrhythnia, cach of the determinations
that do not trigger delivery of electrical stimulation thevapy may be termed provisional
determinations.

in examples where system 600 operates to deliver appropriate clectrical
stimulation therapy to heart 610, if the determined arrhythmia is a tachycardia, either
LCP 602, LCP 606, or both may deliver ATP therapy to heart 610, In examples where

the determined archythmia is a bradycardia, either LCP 602, LCP 606, or both may
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deliver bradycardia therapy to heart 610, In examples where the determined arrhythmia
is un-synchronized contractions, cither LCP 602, LCP 606, or both may deliver CRT
to heart 610.

In some embodiments, if a need for anti-tachycardia pacing therapy is
determined, one ofthe LCPS 602, 606 may instruct the other LCP to assist in providing
biventricular anti-tachycardia pacing therapy. In some embodiments, LCP 606 may
provide right ventricular anti-tachycardia pacing therapy while LCP 602 remains
dormant. Insome embodiments, LCP 602 may provide left ventricular anti-tachycardia
pacing therapy while LCP 606 remains dormant. In some embodiments, both LCP 602
and LCP 606 may be instructed to remain dormant while another device provides
pacing therapy. These are just examples.

Although not necessarily deseribed 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 oceurrence of an arrhythioia, 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
dehivering appropriate clectrical stimulation therapy, if desired.

Figore 7 illustrates an example medical device system 700 with three separate
LCPs meluding LCP 702, LCP 704, and LCP 706, Although system 700 is depicted
with LCPs 702, 704, and 706 implanted within the LY, RV, and LA, respectively, other
examples may melude LCPs 702, 704, and 706 implanted within differcuat chambers of
the heart 710. For example, system 700 may inchide LCPs implanted within both atria
and one veniricle of the heart 710, In other exampies, system 700 may include LCPs
implanted within both ventricles and one atria of heart 710, More generally, i is
contemplated that system 700 may mclude 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 implanied within the same chamber of the heart 710,

In practice, such a systern 700 may operate in accordance with any of the
techniques described above with respect to Figures 4-6. Tn some iunstances, however,
system may operate differently, at least to some degree. For example, before system
700 begins to deliver appropriate clectrical stimulation therapy to the heart 710, only 2
majority of LCPs 702, 704, and 706 may need to determine an occurrence of an
arrhythmia. For example, in some instances, all of LCPs 702, 704, and 706 may be

sensing cardiac activity and detormining occurrences of arrhythmias independently. In
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some cases, only after a majority of LCPs 702, 704, and 706 determined an oceurrence
of an arrhythmia, may system 700 deliver appropriate clectrical 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 determine an occurrence of
an arrhythmia to the master LCP. The master LCP may then determine if 8 majority of
the LCP’s 702, 704, and 706 have determined an cccurrence of an arrhythmia, and if
so, may mstract the delivery of appropriate clectrical stimulation therapy to the heart
710. In some instances, the master LCP may instruct particular ones of the LCP’s 702,
704, and 706 to deliver electrical stimulation therapy o the heart 710, depending on the
type and/or location of the detected archythmia,

Alternatively, and n 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 fo heart 710, In yet other examples, all three of the LCP’s
702, 704, and 706 may need to determing an occurrence of an arrhythunia before system
700 dehivers appropriate electrical 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.  After determining an
occourrence of an arrhythimia, the actively sensing device may communicate the
determination {0 one or both of the other devices. In some cases, one or both of the
other devices may then begin seunsing for and determining occurrences of arrhythmias.
In some instances, when a first one of the other devices determines an occurrence of an
arthythmia, system 700 may begin to deliver appropriate electrical stimulation therapy
10 heart 710, In other instances, when both of the other devices determine an ocourrence
of an arrhythmia, 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 determination of an
arthythinia to ondy 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 arrhythmias. Upon determining an occurrence of an arrhythmia, the
receiving device may communicate the determination 1o the last device. The last device

may then begin sensing for and determining occurrences of arvhythmias.  In some
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mstances, only when the last device determines an oceorrence of an arrhythmia does
the system 700 begin to deliver appropriate electrical stimulation therapy to heart 710,

Also in accord with the description of systems 400, 300, and 700, in some
examples, determining an occurrence of an arrhythmia may include determining a
beginning of an arrhythimia, and system 700 may be configured to determine when to
begin to deliver electrical stimulation therapy. In some examples, detormining an
occurrence of an arrhythunia may include determyining an end of an arrhythmia. To such
examples, system 700 may be configured to determine when fo cease delivery of
clectrical stimalation therapy. In examples where systern 700 doces not begin to deliver
appropriate electrical stimulation therapy to heart 710 until multipie LCP devices
determine an occurrence of an arvhythimia, each of the determinations that do not trigger
delivery of clectrical stimulation therapy may be termed provisional determinations.

In examples where systems 700 operates to deliver appropriate electrical
stimmtlation therapy to heart 710, if the detormined archythmia is & tachycardia, one or
more of LCPs 702, 704, and 706 may dehver ATP therapy 1o heart 710, In examples
where the determined arrhythmia is a bradycardia, one or more of LCPs 702, 704, and
706 raay deliver bradycardia therapy to heart 710, In examples where the determined
arrhythmia is un-synchronized contractions, one or more of LCPs 702, 704, and 706
may dehiver CRT to heart 710, 1t is contemplated that less than all of LCPs 702, 704,
and 706 may deliver electrical stimulation therapy in response to the detection of an
arthythinia.  For exanple, only a single of LCPs 702, 704, and 706 may deliver
clectrical stimudation therapy. In other examples, two of LCPs 702, 704, and 706 may

cliver electrical stimulation therapy.

In some cmbodiments, if a nced for anti-tachycardia pacing therapy is
determined, one of the LCPs 702, 704 may mstruct the other LCP to assist in providing
biventricular anti-tachycardia pacing therapy. For example, LCP 704 may provide right
ventricular anti-tachycardia pacing therapy while LCP 702 remains dormant. In some
embodiments, LCP 702 may provide left ventricular anti-tachycardia pacing therapy
while L.CP 704 remains dormant. In some embodiments, LCP 706 may be mstructed
io remain dormant while one or both of LCP 702 and 704 deliver pacing therapy. In
some embodiments, both LCP 702 and LCP 704 may be instrucied to romain dormant
while another device provides pacing therapy.

In accordance with the above described description, one can see how such

techniques may be extended to systems that bave more than three LCP devices. For
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example, in a four LOCP device system, any of one, two, three, or four devices may be
used to determine an occurrence of an arrhythmia before the system begins o deliver
appropriate clectrical stimulation therapy. In some such examples, all, some, or one of
the LCP devices may initially actively sense and determine the occurrences of
arthythmias. In examples where less than all are nitially actively sensing, once one of
the actively sensing devices determines an occurrence of an arrhythmia, and
commmunicates that determination to other devices of the system, at least one ot the other
devices of the system may begin to actively sense cardiac activity and determing
occurrences of arrhythmias, Again, the technigues described above may be extended
to systems that include any mumber of LCP devices or other devices, such as five, six,
seven, or any other namber that is practically feasible for implantation within a patient’s
body.

Additionally, although described above with respect to three or more LCP
devices, the same technigues may be apphied fo any of the systeras described with
respect to Figures 4-3. For example, any of systems 400 and 500 may further include
a third device, such as a second LCP device. In such systems, the three devices may
operate in accordance with auy of the above described technigues of system 700, with
the pulse generator capable of sensing for arthythmias and/or delivering electrical
stinelation therapy. In other examples, any of systems 400 and SO0 may nclode a
plurality of additional devices. For example, any of systems 400 and 5060 may include
three, four, five, or any number of LCP devices that are practical for implantation with
a patient in addition to 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 clectrical stimulation therapy than a single device system. For example,
before beginuning to deliver clectrical stinmulation therapy, cxample systems may
determine which of the devices of the system first seuses a depoelarization wave of the
heart.  In such examples, such systems may direct the device which senses the
depolarization wave first to deliver the electrical stimolation therapy. This may allow
such systems to deliver electrical stimulation therapy at a site closer (o the origin of an
arrhythmia, which may increase the effectiveness of the electrical stimulation therapy.

In the example of system 704, one of the devices of system 700 may determine

an occurrence of a tachyarrhythmis, cither individually or in addition to provisional
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determinations by other devices of system 700 in accordance with any of the techniques
described above. Une of the devices of system 700 (c.g. a master device) may
determine to deliver ATP therapy to heart 710 or to determine fo direct another device
of system 700 to deliver ATP therapy. Before either delivering, or directing another
device to deliver ATP therapy, one of the devices of system 700 may determine which
device of system 700 first scnses an intrinsic cardiac depolarization wave of heart 714,
The device that senses such a depolarization wave first may then begin delivery of ATP
therapy.

A multiple device system may be used to help provide discrimination between
atrial archythmias and ventricular archythoudas.  For instance, cxample systoms
described herein may operate differently depending on whether an arvhythmia is an
atrial arrhytheia or a ventricular arrhythmia 1n order to more effectively treat such
arrhythinias,

As one Hustrative example, one of the devices of system 700 may determing an
occurrence of a tachyarthythmia, either individually or n addition to provisional

cterminations by other devices of system 700 in accordance with any of the techniques
described above, Additionally, a device of system 700 may determine whether the
tachyeardia 1s an atrial tachycardia or a ventricular tachycardia. If the tachycardia is an
atrial tachycardia, one or more of the devices of system 700 may determine to not
dehiver electrical stimulation therapy. If the tachycardia is a ventricular tachycardia,
one or more of the devices of system 700 may additionally deterovine whether the vate
of the tachycardia is above a threshold and whether the cardiac electrical signal is a
polymorphic signal. I the tachycardia rate is below the threshold and the cardiac
clectrical signal is not a polymorphic signal, one or more of the devices of systom 700
may deliver, or direct a different device of system 700 to deliver, ATP therapy to the
heart 710, If the tachycardia rate is above the threshold or the cardiac electrical signal
is a polymorphic signal, one or more of the devices of system 760 may deliver, or direct
a different device of system 700 o deliver, a defibrillation pulse to heart 710,
Discrinminating between such atrial and ventricular arthythmias, and responding
differently to the different types of arrhythmias, may tocrease the effectivencss of
delivered clectrical stimulation therapy and decrease negative outcomes of any
dehivered electrical stimulation therapy. The above description is just one example of

how the disclosed systems may operate to discriminate between various arrhythmias
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and deliver electrical stimmidation therapy in response to the different determined
arrhythmias.

Figures § and 9 illustrate other ecxample implantation locations and
configurations for a multiple device medical system. For example, medical device
system BOG of Figure 8 shows three LOP devices, LTPs 802, 804, and 806. Two ofthe
LCP devices, LCPs 802 and 804, arc shown implanted within a single chamber of heart
810. Inother examples, all three devices may be implanted within a single chamber of
heart 810, Althoogh two LCP’s 802 and 804 arc shown tmplanted within the LV of
heart 810, in other examples, any of the chambers of heart 810 may include multiple
implanted L.CP devices. Tmplanting roultiple devices within a singie chamber may
enhance the effectiveness of delivered electrical stimulation, as the multiple devices
may increase the chances of delivering electrical stimulation therapy near a cardiac site
that is an origin of an arrhythmia causing signal. As described previcusly with respect
to the other systerns, any of the other system described herein, such as systers 400 and
500 may include one or more devices implanted within a single chamber of the heart,
as desired.

Medical device system 200 of Figure 9 includes an LCP 902 implanted on an
epicardial surface of heart 916, LCPs 904 and 906 are shown mmplanted on an
endocardial surface of heart 910, In some instances, one or more additional devices of
system 900 may be implanted on an cpicardial surface. In some iostance, a device
woplanted on an epicardial surface of a heart may sense indvinsic cardiac electrical
signals and/or deliver appropriate eclectrical stimolation therapy to the heart.
Accordingly, any of the systems described hercin may inchude one or more devices
implanted on an endocardial surface of a heart, as desired.

As noted above, in some embodiments, one device m a medical system may act
a master device and the other devices may act as slave devices. Figure 10 is a block
diagram of an illostrative medical device systemn 1000 that includes a master device
1002 and multiple slave devices 1004, 1006, and 1008, In the example shown, the
master device 1002 may conductively communicate with the slave devices 1004, 10606,
and 1008 though 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, inductive coupling, optical signals, acoustic signals, or

any other suitable for commanication mechamsm, as destred.
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In one example, the master device 1002 may be an ICD device, for example, an
ICD or an S5-1CD, and may be contigured to receive cardiac information from oune or
more slave devices 1004, 1006, and 1008, {n some cases, the slave devices may be
LCPs. The commumicated cardiac information may inclade, 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 sense cardiac activity. In such examples, master device
1002 may determine oceurrences of arrhythimias based on either its own sensed cardiac
activity and/or the received cardiac activity from the slave devices 1004, 1006 and
1008, In some instances, master device 1002 may deternyine that the cardiac activity
from one or muldtiple devices of system 1000 indicates an occvrrence of an arrhythmia.
In some cases, although multiple devices of system 1000 may cach be sensing cardiac
activity, enly a single device, such as master device 1002, may make the determination
that a cardiac arrhythmia is ocowrring and that an appropriate electrical stimulation
therapy is desired.

In response to determining an occurrence of an arrhythmia, master device 1002
may determine to deliver electrical stimulation therapy. In one example, master device
1302 may determine an appropriate clectrical stimolation therapy based on the type of
arthythinia. Additionally, master device 1002 may determine which device or devices
should deliver the electrical stimulation therapy. Master device 1002 may direct one or
more of the devices, which might include the master device tsclf) to actually debiver
the desired elecirical stimulation therapy. Master device 1002 may operate according
to any of the previously disclosed techriques. For example, master device 1002 may
determine one or more provisional determinations of occurrences of arrhythmias before
determining an actoal occwrrence of an awrhythmia.  Master device 1002 may
additionally distinguish between atrial and ventricular arrhythmias and determine
appropriate clectrical stimulation therapy to deliver based on the determined type of
arthythmia. o some examples, master device 1002 may determine which device or
devices need to defiver clectrical stimulation therapy based on which device or devices
seused the cardiac depolarization wave first of 8 cardiac cycle.

fn some instances, multiple devices of system 1800 may determine cccurrences
ot arrhythmias. For example, slave devices 1004, 1006, and 1008 may cach determine

occurrences of arrhythimias and may conununicate such determinations 0 master
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device 1002, In some examples, such determinations may be considered actoal or
provisional determinations. Based on such received determinations, master dovice
1002 may determine an occurrence of an amhythoia, in accordance with any of the
previously disclosed techniques. Based on an determination of an arvhythmia, master
device 1002 may deliver, and/or direct one or more of slave devices 1004, 1006, and
1H}38 to deliver, appropriate electrical stimulation therapy.

In some cases, not all of master device 1002 and slave devices 1004, 1006, and
1008 may be actively sensing for an arhythmia. For instance, as described previouosly,
i some cxamples only a single, or less than all of master device 1002 and slave devices
1004, 1006, and 1008 may be actively sensing for an arrhythmia.  In at least one
example, the actively sensing device may be sending cardiac activity 1o master device
1302, Based on the received cardiac activity, master device 1002 may determine an
occurrence of an arrhythmia. After determiving an occurrence of an arrhythmia, master
device 1002 may direct a second device of systern 1000 te begin actively sensing
cardiac activity. This second deviee may additionally commumicate sensed cardiac
activity to master device 1002, Again, master device 1002 may determine an
occurrence of an arvhythmia based on the received cardiac activity from the second
device. After making one or more determuinations of an occwrrence of an arrhythmia,
master device 1002 may deliver, or direct one or more of slave devices 1004, 1806, and
18 to deliver, appropriate electrical stimuliation therapy. o other examples, tnstead
of sending scused cardiac data, the devices may send detorminations of oceurrences of
an arthythmia to master device 1002, In some cases, master device 1002 may not sense
cardiac activity. Rather, master device 1002 may make determinations of occurrences
of cardiac arrhythmias based on received cardiac activity and/or deternuinations from
those slave devices that are sensing cardiac activity.

In some cases, master device 1002 may be an LCP device, an external
cardioverter-defibritiator, ICP, diagnostic-only device, or 8 neural stimulation device.
In some exanples, master device 1002 and the slave devices 1004, 1006, and 1008 nay
have similar hardware configuration; however, they may have ditferent software
mstalled. In some examples, the slave devices 1004, 1006, and 1008 may besstto a
“slave mode” while master device 1602 may be set to a “master mode”, even though
all devices share the same hardware and software features. Additionally, in some
examples, the devices of system 1000 may switch between being configured as a master

device and a slave device. For example, an external programmer may connect to any
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of the devices of such systems and alter the programuming of any of the devices of the
system, as desired.

Figure 11 is a flow chart showing an ilustrative metbod 1100 that may be
carried out using a plurality of implantable medical devices. At block 1110, an anti-
tachycardia pacing therapy is delivered to the heart of the patient using a first one of
the plurality of implantable medical devices. In some embodiments, this step is carried
out by a leadless cardiac paceraker {LCP). Tn some embodirgents, the anti-tachycardia
pacing therapy is delivered to a ventricle of the heart.

A message is communicated from the first one of the plurslity of mmplantable
medical devices to at least a second one of the plurality of inplantable medical devices
before and/or during delivery of the anti-tachycardia pacing therapy, as generally
indicated at bleck 1120, In some embodiments, the second one of the phirality of
medical devices may be a leadliess cardiac pacemaker (LCP), a subcutanocous
waplantable cardioverter-defibrillator (S8-1CD), an ICD, a diagnostic only device, a
neural-stimulator, or any other suitable device. In some embodiments, the second one
of the plurality of implantable medical devices is configured to deliver a therapy to an
atrium of the patient’s heart.  In some crubodiments, the message dehivered to the
second one of the phurality of mplantable medical device moditics the therapy that is
debivered by the second one of the phurality of implantable devices, such as causes the
second one of the plurality of implantable medical devices to assist the first implantable
medical device in delivering therapy, temperarily stop providing therapy, teraperary
shatdown, or operate in any other suitable mammer as desired.

in some embodiments, the first one of the phurality of implantable medical
devices is a leadless cardiac pacemaker (LLCP) that is configured to dehiver anti-
tachyecardia pacing therapy to a first ventricle site, and the second one of the pharality
ofimplantable medical devices is a leadless cardiac pacemalker (LCP) that is configured
to deliver snti-tachycardia pacing therapy to a second ventricle site.  in some
embodiments, the anti-tachycardia pacing therapy that is delivered by the second one
of the plarality of implantable medical devices 15 affected, at least in part, by the
communicated message from the first one of the phuslity of tmplantable medical
devices. In some embodiments, the communicated message may cause the second one
of the phlurality of implantable medical devices to assist the first implantable medical
device in delivering the anti-tachycardia pacing therapy, temporarily stop providing

therapy, temporary shutdown, or operate in any other suitabie manuer as desired.
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Figure 12 is a flow chart showing another illustrative method 1200 that may be
carried out using a plurality of implantable medical devices. At block 1210, a pacing
therapy s delivered to the heart of the pationt using at least two of a plurality of
mmplantable medical devices.  The at least two boplantable medical devices are
communicatively coopled. If it is determined that anti-tachycardia pacing therapy is to
be delivered by a first one of the plurality of implantable medical devices, a message is
communicated from the first one of the plurality of implantable medical devices 1o at
least a second one of the plarality of implantable medical deviees before and/or during
defivery of the anti-tachycardia pacing therapy by the first one of the plurality of
implantable medical devices, as generally indicated at block 1220, The communicated
message may cause the second one of the plurality of implantable medical devices to,
for example, assist the first mmplantable medical device in delivering the anti-
tachycardia pacing therapy, temporarily stop providing therapy, temporary shutdown,
or operate in any other suitable manuer as desired.

Figure 13 is a flow chart showing yet another illastrative method 1300 that may
be carried out osing a phurality of implantable medical devices. At bloek 1318, one or
more cardiac signals may be scnsed by an implanted medical device. In some
embodiments, the one or more cardiac signals are sensed by a first implantable medical
device. A determimation is made to deliver an anti-tachycardia pacing therapy based,
at least in part, on the one or more sensed cardiac signals, as generally indicated at block
1320. In some embodinents, the determination is made by the first implantable medical
device. At block 1330, an anti-tachycardia pacing therapy is delivered to the heart of
the patient using a first implantable medical device such as a icadless cardiac pacemaker
{LCP). A message is communicated from the first vuplantable medical device {e.g.
leadless cardiac pacemaker) to a second implantable medical device before and/or
during delivery of the anti-tachycardia pacing therapy, as generally indicated at block
1340. In some embodiments, the second implantable medical device is also a leadless
cardiac pacemaker (LCP). At block 1360, the behavior of the second implantable
medical device is modified in response to receiving the message from the first
mmplantable medical device. For example, the message may cause the sccond one of
the plurality of implantable medical devices to assist the first implantable medical
device in delivering the anti-tachycardia pacing therapy, temporarily stop providing

therapy, temporary shutdown, or operate in any other saitable manuer as desired.
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In some embodiments, the therapy modified by the communicated message may
be onc or move of a bradycardia therapy, a resynchronization therapy, a ucural
stimulation therapy, a tachvarhythmia therapy, a pacing therapy and/or a shock
therapy. In some embodiments, a diagnostic feature of the second one of the phuality
of medical devices may be modified by the communicated message. The diagnostic
feature may be modified by one or more of modifying data storage {c.g. enabling,
disabling, increasing, deceasing, suspending, deleting, copying), cnabling or disabling
a sensor, storing the cecwrence of the communicated message, ov/and storing

mformation related to the effectiveness of the anti-tachycardia pacing.

Additional Examples

In a first example, a method for delivering anti-tachycardia pacing therapy
includes delivering an anti-tachycardia pacing therapy to the heart of the patient using
a first one of a plurality of implantable medical devices and communicating & message
from the first one of the plurality of implantable medical deviees to at least 4 second
one of the plurality of implantable medical deviees before and/or during delivery of the
anti-tachycardia pacing therapy.

Inaddition or alternatively, and in a second example, the first one of the plurality
of implantable medical devices of the first example 15 3 leadless cardiac pacemaker
(LCP).

In addition or alterpatively, and in a third example, the second one of the
phurality of implantable medical devices of any of the first through second examples is
a leadless cardiac pacemaker (LCP).

In addition or alternatively, and in a fourth example, the sccond ovne of the
plurality of implantable medical devices of any of the first through second examples s
a subcutancous implantable cardigverter-defibriliator (SICD).

In addition or alternatively, and in a fifth example, the first one of the phurality
of implantable medical devices of any of the first through fourth examples is configured
to deliver the anti-tachycardia pacing therapy to a ventricle of the patient’s heart.

In addition or alternatively, and in 8 sixth example, the second one of the
plurality of implantable medical devices of the fifth example is a leadiess cardiac

pacemaker (LCP).
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In addition or alternatively, and in a seventh example, the second one of the
plurality of implaniable medical devices of the fifth example is configured to deliver s
therapy to an atrium of the patient’s heart.

In addition or alternatively, and in an eighth example, the sccond one of the
plurality of implantable medical devices of any of the first through seventh example is
configured to deliver a therapy to the patient’s heart, and the message received fromthe
first one of the plurality of implauntable medical devices modifies the therapy that is
delivered by the second one of the plurality of mmplantable medical devices.

in addition or aliernatively, and in an ninth example, the first one of the plurality
of implantable medical devices of any of the first through cighth exanmple is a leadless
cardiac pacemaker {LCP) that is configured to deliver anti-tachycardia pacing therapy
to a first ventricle site, and the second one of the plurality of implantable medical
devices 18 a leadless cardiac pacemaker (LCP) that is configured to debiver anti-
tachycardia pacing therapy to a second vendricle site, wherein the anti-tachycardia
pacing therapy that is delivered by the second one of the phwality of implantable
medical devices is affected, at least in part, by the commaunicated message from the first
one of the plurality of implantable medical devices.

In addition or alternatively, and in a tenth example, the second one of the
plorality of implantable medical devices of the first example 1s configured to deliver a
neoral stimelation therapy o the patient.

In addition or alternatively, and in an eleventh cxample, delivering anti-
tachycardia pacing therapy to the heart of the patient by at least one of the plurality of
mplantable medical devices of any of the first through tenth cxamples mciudes
dehivering andi-tachycardia pacing therapy to the heart of the paticot using at Jeast two
of the plurality of oplantablie medical devices that are communicatively coupled.

In a twelfth example, a method for delivering anti-tachycardia pacing therapy
inciudes scnsing one or more cardiac sigoals, determining to deliver an anti-tachycardia
pacing therapy based, at least in part, on the onc or more sensed cardiac signals,
delivering an anti-tachycardia pacing therapy 1o the heart of the patient using a first
implantable medical device, wherein the first implantable medical device is a leadiess
cardiac pacemaker (LCP}), conununicating a message from the lcadiess cardiac
pacemaker (LCP) to a second mplantable medical device before and/or during delivery

of the anti-tachycardia pacing therapy and modifying the behavior of the second
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mmplantable medical device in response to receiving the message from the first
mplantable medical device.

In addition or aliornatively, and in a thirteenth cxample, the sensing and
determining steps of the twelfth example are performed at least in part by the first
implantable medical device.

In addition or alternatively, and in a fourtcenth example, the second implantable
medical device of any of the twelfth through thirtcenth exanmple is a leadless cardiac
pacemaker (LCP).

in a fifteenth example, an implantable medical device system inclodes a first
implantable medical device and a second implantable medical device that is
communicatively coupled with the first implantable medical device. The first
implantable medical device is configured to deliver anti-tachycardia pacing therapy o
the heart of the patient and, before or during delivery of the anti-tachycardia pacing
therapy, the first implantable medical device 18 configured to inform the second
mnplantable medical device of the delivery of anti-tachycardia pacing therapy to the
heart of the paticnt by the first imuplantable medical device.

In addition or alternatively, and in a sixtecnth cxample, the first implantable
medical device of the fifteenth example is  leadless cardiac pacemalker (LCP) and the
second implantable medical device is a leadless cardiac pacemaker (LCP).

In addition or altematively, and in a seventeenth cxample, the first implantable
medical device of the fiftconth example is a leadless cardiac pacemaker (LCP} and the
second implantable medical device s a subcotancous implantable cardioverter-

cfibrillaior (SICD).

In addition or aliernatively, and in an cighteenth example, the fivst implantable
medical device of the fifteenth example is  leadless cardiac pacemalker (LCP) and the
second implantable medical device is a neural stimulation device.

In addition or allernatively, and in an ninecteenth example, the second
waplantable medical device of any of the fiftcenth through eighteonth exanples 15
configured to be mhibited in response to being informed of an delivery of anti-
tachycardia pacing therapy to the heart of the patient by the first implantable medical
device.

fn addition or alternatively, and in a twentieth example, one or more electrodes
of the sccond implantable medical device of the nincteenth example are rendered

inactive when the second implantable medical device is mnhibited.
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Those skilled in the art will recognize that the present disclosure may be
manitested in a variety of forms other than the specific embodimenis described and
contemplated herein, As one example, 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 herein.  Additionally, other examples may
consohidate the described functions into fewer modules. Accordingly, departure in form
and detail may be made without departing from the scope and spirit of the present

disclosure as described in the appended claims,
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What is claimed is:

I A method for operating a medical system, the method comprising:

providing an anti-tachycardia response via one or more electrodes of a first one
of a pharality of tmplantable medical devices; and

communicating a message from the first onc of the plurality of implantable
medical devices to at least a second one of the plurality of implantable medical devices

before and/or while providing the anti-tachycardia response.

2. The method of claim 1, wherein the fisst one of the plurslity of
waplantable roedical devices is a leadiess cardiac pacemaker (LCP) and/or the second
one of the plarality of implantable medical devices is a leadless cardiac pacemaker
{LCP} and/or the sccond one of the plurality of implantable medical devices is a
subciancous implantable cardioverter-detibrillator (SICD),

3 The method of any of claims 1-2, wherein the first one of the phurality
of implantable medical devices is configured to provide the anti-tachycardia response

that 1s for a veniricle of a heart.

4. The method of any of claims 1-3, wherein the second one of the plarality
of implantable medical devices is configured to deliver a therapy for treating a heart,
and the message received from the first one of the plurality of implantable medical
devices modifies the therapy that i3 delivered by the second one of the phwality of

inplantable medical devices.

5 The method of any of claims 1-4, wherein the first one of the plorality
of implantable medical devices is a leadless cardiac pacemaker (LCP) that is configured
to deliver an anti-tachycardia respounse, and the second one of the plarality of
mplantable medical devices is a lcadless cardiac pacemaker (LCP) that is configured
to deliver an anti-tachycardia response, wherein the anti-tachycardia response that is
delivered by the second one of the plurality of implantable medical devices is affected,
at least in part, by the conmmumnicated message from the first one of the plurality of

mnplantable medical devices.
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6. The method of any of claims 1-5, wherein the second one of the plorality

of implantable medical devices is configured to deliver a neural stimulation response.

7. The method of any of claims 1-6, wherein delivering anti-tachycardia
pacing therapy by at least one of the plurality of tmplantable medical devices comprises:

providing an anti-tachycardia pacing response via electrodes of at feast two of
the plurality of implantable medical devices; and

wherein the at least two of the plurality of implantable medical devices are

communicatively coupled.

g. The method of any of claims 1-7, whervein the second one of the phwality
of mmplantable medical devices is configured 1o be inhibited in response to receiving

the message from the first one of the piurality of tmplantable medical devices.

9. The method of claim 8, wherein, when inhibited, one or more electrodes

of the second implantable medical device are rendered mactive.

10. The method of any of claims 1-9, wherein the message informs the
sccond one of the plurality of implantable medical devices of delivery of anti-
tachycardia pacing therapy to the heart of the patient by the first one of the plurality of

waplantable medical devices.

1. The method of any of claims 1-10, further comprising sensing one or
more cardiac signals, and determining to deliver an anti-tachycardia response based, at

least n part on the one or more sensed cardiac signals.

2. The method of claim 11, wherein sensing and determining is performed

by the first one of the plurality of implantable medical devices.

13, The method of any of claims 1-12, wherein the second one of the
plurality of implantable medical devices is configured to deliver a therapy to an atrium

of the patient’s heart
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14. The method of any of claims 1-13, wherein the first one of the plarality
of implantable medical devices communicates the message to the second one of the
plurality of implantable medical devices via a communication pathway that includes a

body of a patient.
15. The method of any of claims 1-14, wherein the second one of the

plurality of implantable medical devices 1s configured to deliver defibrillation therapy

{o treat a heart,
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iN A FIRST ONE OF A PLURALITY OF
IMPLANTABLE MEDICAL DEVICES, DETERMINE
TO DELIVER ANTI-TACHYCARDIA PACING
THERAPY TO THE HEARY 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 MEDICAL
DEVICES TO DELIVER ANTI-TACHYCARDIA
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
ANTI-TACHYCARDIA PACING THERAPY TO THE
HEART OF THE PATIENT

1506

%




WO 2015/106011

1600

16/16

PCT/US2015/010676

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 INCLUDES A

SUBCUTANECUS IMPLANTABLE CARDIOVERTER-

DEFIBRILLATOR (5iCD)

1602

/

K

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

1604

\d

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 THEFIRST ONE OF THE
PLURALITY OF IMPLANTABLE MEDICAL DEVICES TO
A SECOND 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

/

¥

DELIVER ANTI-TACHYCARDIA PACING THERARY TO
THE HEART 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
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Applicant's or agent's file reference Date of mailing{day/month/year)
IMPORTANT DECLARATION
10013486111 24 March 2015 (24-03-2015)
International application No. International filing date{day/month/year) (Earliest) Priority date{day/month/year)
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International Patent Classification (IPC) or both national classification and IPC
AB1N1/372
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This International Searching Authority hereby declares, according to Article 17(2)(a), that no international search report will be
established on the international application for the reasons indicated below

1. The subject matter of the international application relates to:
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scientific theories
mathematical theories
plant varieties

anhimal varieties

essentially biological processes for the production of plants and animals, other than microbiological processes and
the products of such processes

schemes, rules or methods of doing business

schemes, rules or methods of performing purely mental acts
schemes, rules or methods of playing games

methods for treatment of the human body by surgery or therapy
methods for treatment of the animal body by surgery or therapy
diagnostic methods practised on the human or animal body
mere presentations of information

computer programs for which this International Searching Authority is not equipped to search prior art

2. |:| The failure of the foIIovs_/ing parts of the international application to comply with prescribed requirements prevents a meaningful
search from being carried out:

the description |:| the claims |:| the drawings

3. |:| A meaningful search could not be carried out without the sequence listing; the applicant did not, within the prescribed time limit:

[
[l

[

furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative
Instructions, and such listing was not available to the International Searching Authority in a form and manner
acceptable to it.

furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the
Administrative Instructions, and such listing was not available to the International Searching Authority in a form
and manner acceptable to it.

pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under
Rule 13ter.1(a) or (b).

4. Further comments:

Name and mailing address of the International Searching Authority Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2 VIZZINI. Dami
NL-2280 HV Rijswijk ,» Damiano
O e (+31-70) 340-2040 Tel: +49 (0)89 2399-7821

Fax: (+31-70) 340-3016

Form PCT/ISA/203 (July 2009)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 2()3

Claims 1 - 15 relate to a method comprising the step of delivering
anti-tachycardia response via electrodes to a human heart and thus to a
method for treatment of the human body by therapy. Therefore, said claims
relate to subject-matter considered by this Authority to be covered by
the provisions of Rule 39.1(iv) PCT.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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