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Description

TECHNICAL FIELD

[0001] The presentdisclosure generally relates to sys-
tems, devices, and methods for detecting and treating
cardiac arrhythmias and, more specifically to multiple de-
vice systems, methods, and devices for detecting and
treating cardiac arrhythmias and/or other conditions.

BACKGROUND

[0002] Pacinginstrumentscanbe used totreatpatients
suffering from various heart conditions that may result in
a reduced ability of the heart to deliver sufficient amounts
of blood to a patient’s body. These heart conditions may
lead to rapid, irregular, and/or inefficient heart contrac-
tions. To help alleviate some of these conditions, various
devices (e.g., pacemakers, defibrillators, etc.) can be im-
planted in a patient's body. Such devices may monitor
and provide electrical stimulation to the heart to help the
heart operate in amore normal, efficient and/or safe man-
ner. In some cases, a patient may have multiple implant-
ed devices.

SUMMARY

[0003] Thepresentinventionis defined by claim 1, Pre-
ferred embodiments are defined by the dependent
claims. Further embodiments, aspects and examples
disclosed herein are for exemplary purpose only and do
not form part of the present invention as claimed.
[0004] The presentdisclosure relates generally to sys-
tems and methods for coordinating detection and/or
treatment of abnormal heart activity using multiple im-
planted 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.
[0005] Inone example, cardiac activity of the heart can
be sensed using one or more leadless cardiac pacemak-
ers (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
arrhythmia. For treatment purposes, electrical stimula-
tion therapy, for example anti-tachyarrhythmia pacing
(ATP) therapy, can be delivered by at least one of the
devices of the system, such as one or more of the lead-
less cardiac pacemakers (LCPs). Such therapy can help
treatthe detected cardiac arrhythmia. In some instances,
one of the leadless cardiac pacemakers (LCPs) can in-
struct one or more of the other devices to assist in pro-
viding pacing therapy. The one or more other devices
may include, forexample, another leadless cardiac pace-
makers (LCP), a subcutaneous cardioverter-defibrilla-
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tors (S-ICD), an implantable cardiac pacemakers (ICP),
an external cardioverter-defibrillators, a diagnostic only
device (devices that may sense cardiac electrical signals
and/or determine arrhythmias but do not deliver electrical
stimulation therapies), a neural stimulation device,
and/or any other suitable device. In some embodiments,
one of the leadless cardiac pacemakers can instruct one
or more of the other devices to temporarily stop providing
therapy or to simply shut down while another device pro-
vides therapy, such as anti-tachyarrhythmia pacing
(ATP) therapy.

[0006] In one example, a therapy may be delivered to
the heart of the patient using a first one of a plurality of
implantable medical devices. A message may be com-
municated from the first one of the plurality ofimplantable
medical devices to at least a second one of the plurality
of implantable medical devices before and/or during de-
livery of the therapy. In a more specific example, a meth-
od for delivering anti-tachycardia pacing therapy to a
heart of a patient may include sensing one or more car-
diac signals and determining to deliver an anti-tachycar-
dia 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
afirstimplantable medical device such as a leadless car-
diac pacemaker (LCP). A message may be communicat-
ed from the leadless cardiac pacemaker (LCP) to a sec-
ond implantable medical device before and/or during de-
livery of the anti-tachycardia pacing therapy. The behav-
ior of the second implantable medical device may be
modified in response to receiving the message from the
first implantable medical device. For example, the sec-
ond implantable medical device may assist the first im-
plantable medical device in delivering the anti-tachycar-
dia pacing therapy, temporarily stop providing therapy,
temporary shutdown, or operate in any other suitable
manner as desired.

[0007] The above summary is notintended to describe
each embodiment or every implementation of the present
disclosure. Advantages and attainments, together with a
more complete understanding of the disclosure, will be-
come apparent and appreciated by referring to the fol-
lowing description and claims taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The disclosure may be more completely under-
stood in consideration of the following description of var-
ious illustrative embodiments in connection with the ac-
companying 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;

Figure 2 illustrates an exemplary leadless cardiac
pacemaker (LCP) having electrodes, according to
one example of the present disclosure;
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Figure 3 is a schematic diagram of an exemplary
medical system that includes multiple leadless car-
diac pacemakers (LCPs) and/or other devices in
communication with one another of the present dis-
closure;

Figure 4 is a schematicdiagram of a systemincluding
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 system in-
cluding an LCP and another medical device, in ac-
cordance with another example of the present dis-
closure;

Figure 6 is a schematic diagram illustrating a multiple
leadless cardiac pacemaker (LCP) system in ac-
cordance with another example of the present dis-
closure;

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

Figure 8 is aschematic diagram illustrating a multiple
leadless cardiac pacemaker (LCP) system where
two LCPs are implanted within a single chamber of
a heart, in accordance with yet another example of
the present disclosure;

Figure 9is aschematic diagram illustrating a multiple
leadless cardiac pacemaker (LCP) system where
oneofthe LCPsis implanted on an epicardial surface
of a heart, in accordance with another example of
the present disclosure;

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

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

Figure 12 is a flow diagram showing another illustra-
tive method of the present disclosure; and

Figure 13 is a flow diagram showing yet another il-
lustrative method of the present disclosure.

[0009] While the disclosure is amenable to various
modifications and alternative forms, specifics thereof
have been shown by way of example in the drawings and
will be described in detail. It should be understood, how-
ever, that the intention is not to limit aspects of the dis-
closure to the particular illustrative embodiments de-
scribed. On the contrary, the intention is to cover all mod-
ifications, equivalents, and alternatives falling within the
scope of the disclosure.

DESCRIPTION

[0010] The following description should be read with
reference to the drawings in which similar elements in
different drawings are numbered the same. The descrip-
tion and the drawings, which are not necessarily to scale,
depict illustrative embodiments and are not intended to
limit the scope of the disclosure.
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[0011] A normal, healthy heart induces contraction by
conducting intrinsically generated electrical signals
throughout the heart. These intrinsic signals cause the
muscle cells or tissue of the heart to contract. This con-
traction forces blood out of and into the heart, providing
circulation of the blood throughout the rest of the body.
However, many patients suffer from cardiac conditions
that affect this contractility of their hearts. For example,
some hearts may develop diseased tissues that no longer
generate or conduct intrinsic electrical signals. In some
examples, diseased cardiac tissues conduct electrical
signals at differing rates, thereby causing an unsynchro-
nized and inefficient contraction of the heart. In other ex-
amples, a heart may generate intrinsic signals at such a
low rate that the heart rate becomes dangerously low. In
still other examples, a heart may generate electrical sig-
nals at an unusually high rate. In some cases such an
abnormality can develop into a fibrillation state, where
the contraction of the patient’s heart is almost completely
de-synchronized and the heart pumps very little to no
blood.

[0012] Many medical device systems have been de-
veloped to assist patients who experience such abnor-
mities. For example, systems have been developed to
sense intrinsic cardiac electrical signals and, based on
the sensed electrical signals, determine whether the pa-
tient s suffering from one or more arrhythmias. Such sys-
tems may also include the ability to deliver electrical stim-
ulation to the heart of the patient in order to treat the
detected arrhythmias. In one example, some medical de-
vice systems include the ability to identify when the heart
is beating at too low of a rate, termed bradycardia. Such
systems may deliver electrical stimulation therapy, or
"pacing" pulses, that cause the heart to contract at a high-
er, safer rate. Some medical device systems are able to
determine when a heart is beating at too fast of a rate,
termed tachycardia. Such systems may further include
one or more anti-tachycardia pacing (ATP) therapies.
One such ATP therapy includes delivering electrical stim-
ulation pulses to the heart at a rate faster than the intrin-
sically generated signals. Although this may temporarily
cause the heart to beat faster, such a stimulation protocol
may cause the heart to contract in response to the deliv-
ered pacing pulses as opposed to the intrinsically gen-
erated 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.

[0013] Other medical device systems may be able to
detect fibrillation states and asynchronous contractions.
For example, based on the sensed signals, some sys-
tems may be able to determine when the heart is in a
fibrillation state. Such systems may further be configured
to treat such fibrillation states with electrical stimulation
therapy. One such therapy includes deliver of a relatively
large amount of electrical energy to the heart (a "defibril-
lation pulse") with the goal of overpowering any intrinsi-
cally generated signals. Such a therapy may "reset" the
heart, from an electrical standpoint, which may allow for
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normal electrical processes to take over. Other medical
systems may be able to sense that intrinsically generated
signals are generated at differing times or that the heart
conducts such signals at differing rates. These abnor-
malities may result in an unsynchronized, inefficient car-
diac contraction. The system may further include the abil-
ity to administer one or more cardiac resynchronization
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 dis-
parate parts of the heart to contract near simultaneously,
or in a synchronized manner if the system delivers the
electrical stimulation to the disparate locations at differing
times.

[0014] The presentdisclosure relates generally to sys-
tems and methods for coordinating detection and/or
treatment of abnormal heart activity using multiple im-
planted devices within a patient. In some instances, a
medical device system may include a plurality of devices
for detecting cardiac arrhythmias and delivering electrical
stimulation therapy. For example, illustrative systems
may include devices such as subcutaneous cardioverter-
defibrillators (S-ICD), external cardioverter-defibrillators,
implantable cardiac pacemakers (ICP), leadless cardiac
pacemakers (LCPs), diagnostic only devices (devices
that may sense cardiac electrical signals and/or deter-
mine arrhythmias but do not deliver electrical stimulation
therapies) and/or neural stimulation devices.

[0015] Figure 1 illustrates a block diagram of an exem-
plary medical device 100 (referred to hereinafter as, MD
100) that may be used in accordance with various exam-
ples of the present disclosure. In some cases, the MD
100 may be used for sensing intrinsic cardiac activity,
determining occurrences of arrhythmias, and delivering
electrical stimulation in response to determining an oc-
currence 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 patient’s heart),
to sense and/or regulate the cardiac activity of the heart.
In other examples, MD 100 may be located externally to
a patient to sense and/or regulate the cardiac activity of
the heart. In one example, cardiac contractions generally
result from electrical signals that are intrinsically gener-
ated by a heart. These electrical signals conduct through
the heart tissue, causing the muscle cells of the heart to
contract. MD 100 may include features that allow MD 100
to sense such electrical signals and/or other physical pa-
rameters (e.g. mechanical contraction, heart sounds,
blood pressure, blood-oxygen levels, etc.) of the heart.
Such electrical signals and/or physical properties may
be considered "cardiac activity." MD 100 may include the
ability to determine occurrences of arrhythmias based on
the sensed cardiac activity. In some examples, MD 100
may be able to deliver electrical stimulation to the heart
in order to treat any detected arrhythmias. For example,
MD 100 may be configured to deliver electrical stimula-
tion, pacing pulses, defibrillation pulses, and/or the like
in order to implement one or more therapies, such as
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bradycardia therapy, ATP therapy, CRT, defibrillation, or
other electrical stimulation therapies.

[0016] Figure 1 is an illustration of one example med-
ical device 100. The illustrative MD 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 120. MD 100
may further include leads 112, and electrodes 114 at-
tached to housing 120 and in electrical communication
with one or more of the modules 102, 104, 1 06, and 108
housed within housing 120.

[0017] Leads 112 may be connected to and extend
away from housing 120 of MD 100. In some examples,
leads 112 are implanted on or within the heart of the
patient. Leads 112 may contain one or more electrodes
114 positioned at various locations on leads 112 and dis-
tances from housing 120. Some leads 112 may only in-
clude a single electrode 114 while other leads 112 may
include multiple electrodes 114. Generally, electrodes
114 are positioned on leads 112 such that when leads
112 are implanted within the patient, one or more elec-
trodes 114 are in contact with the patient’s cardiac tissue.
Accordingly, electrodes 114 may conduct intrinsically
generated electrical signals toleads 112. Leads 112 may,
in turn, conduct the received electrical signals to one or
more modules 102, 104, 106, and 108 of MD 100. In a
similar manner, MD 100 may generate electrical stimu-
lation, and leads 112 may conduct the generated elec-
trical stimulation to electrodes 114. Electrodes 114 may
then conduct the electrical signals to the cardiac tissue
of the patient. When discussing sensing intrinsic signals
and delivering electrical stimulation, this disclosure may
consider such conduction implicit in those processes.
[0018] Sensing module 102 may be configured to
sense the cardiac electrical activity of the heart. For ex-
ample, sensing module 102 may be connected to leads
112 and electrodes 114 through leads 112 and sensing
module 102 may be configured to receive cardiac elec-
trical signals conducted through electrodes 114 and
leads 112. In some examples, leads 112 may include
various sensors, such as accelerometers, blood pres-
sure sensors, heart sound sensors, blood-oxygen sen-
sors, and other sensors which measure physiological pa-
rameters of the heart and/or patient. In other examples,
such sensors may be connected directly to sensing mod-
ule 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, either directly or through leads 112. Sensing mod-
ules 102 may additionally be connected to processing
module 106 and may be configured to communicate such
received signals to processing module 106.

[0019] Pulse generator module 104 may be connected
to electrodes 114. In some examples, pulse generator
module 104 may be configured to generate an electrical
stimulation signals to provide electrical stimulation ther-
apy to the heart. For example, pulse generator module
104 may generate such a signal by using energy stored
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in battery 110 within MD 100. Pulse generator module
104 may be configured to generate electrical stimulation
signals in order to provide one or multiple of a number
of differenttherapies. For example, pulse generator mod-
ule 104 may be configured to generate electrical stimu-
lation signals to provide bradycardia therapy, tachycardia
therapy, cardiac resynchronization therapy, and fibrilla-
tion therapy. Bradycardia therapy may include generat-
ing and delivering pacing pulses at a rate faster than the
intrinsically generated electrical signals in order to try to
increase the heart rate. Tachycardia therapy may include
ATP therapy as described herein. Cardiac resynchroni-
zation therapy may include CRT therapy also described
herein. Fibrillation therapy may include delivering a fibril-
lation pulse to try to override the heart and stop the fibril-
lation state. In other examples, pulse generator 104 may
be configured to generate electrical stimulation signals
to provide electrical stimulation therapies different than
those described herein to treat one or more detected ar-
rhythmias.

[0020] Processing module 106 can be configured to
control the operation of MD 100. For example, processing
module 106 may be configured to receive electrical sig-
nals from sensing module 102. Based on the received
signals, processing module 106 may be able to deter-
mine occurrences of arrhythmias. Based on any deter-
mined arrhythmias, processing module 106 may be con-
figured to control pulse generator module 104 to generate
electrical stimulation in accordance with one or more
therapies to treat the determined one or more arrhythmi-
as. Processing module 106 may further receive informa-
tion from telemetry module 108. In some examples,
processing module 106 may use such received informa-
tion in determining whether an arrhythmia is occurring or
to take particular action in response to the information.
Processing module 106 may additionally control telem-
etry module 108 to send information to other devices.
[0021] Insomeexamples, processing module 106 may
include a pre-programmed chip, such as a very-large-
scale integration (VLSI) chip or an application specific
integrated circuit (ASIC). In such embodiments, the chip
may be pre-programmed with control logic in order to
control the operation of MD 100. By using a pre-pro-
grammed chip, processing module 106 may use less
power than other programmable circuits while able to
maintain basic functionality, thereby increasing the bat-
tery life of MD 100. In other examples, processing module
106 may include a programmable microprocessor. Such
a programmable microprocessor may allow a user to ad-
just the control logic of MD 100, thereby allowing for
greater flexibility of MD 100 than when using a pre-pro-
grammed chip. In some examples, processing module
106 may further include a memory circuit and processing
module 106 may store information on and read informa-
tion from the memory circuit. In other examples, MD 100
may include a separate memory circuit (not shown) that
is in communication with processing module 106, such
that processing module 106 may read and write informa-
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tion to and from the separate memory circuit.

[0022] Telemetry module 108 may be configured to
communicate with devices such as sensors, other med-
ical devices, or the like, that are located externally to MD
100. Such devices may be located either external or in-
ternal to the patient’s body. Irrespective of the location,
external devices (i.e. external to the MD 100 but not nec-
essarily external to the patient’s body) can communicate
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 ex-
ternal medical device may use the communicated elec-
trical signals in determining occurrences of arrhythmias.
MD 100 may additionally receive sensed electrical sig-
nals from the external medical device through telemetry
module 108, and MD 100 may use the received sensed
electrical signals in determining occurrences of arrhyth-
mias. Telemetry module 108 may be configured to use
one or more methods for communicating with external
devices. For example, telemetry module 108 may com-
municate via radiofrequency (RF) signals, inductive cou-
pling, optical signals, acoustic signals, conducted com-
munication signals, or any other signals suitable for com-
munication. Communication techniques between MD
100 and external devices will be discussed in further de-
tail with reference to Figure 3 below.

[0023] Battery 110 may provide a power source to MD
100 for its operations. In one example, battery 110 may
be a non-rechargeable lithium-based battery. In other ex-
amples, the non-rechargeable battery may be made from
other suitable materials know in the art. Because, in ex-
amples where MD 100 is an implantable device, access
to MD 100 may be limited, it is necessary to have suffi-
cient capacity of the battery to deliver sufficient therapy
over a period of treatment such as days, weeks, months,
oryears. In other examples, battery 110 may a recharge-
able lithium-based battery in order to facilitate increasing
the useable lifespan of MD 100.

[0024] In general, MD 100 may be similar to one of a
number of existing medical devices. For example, MD
100 may be similar to various implantable medical de-
vices. In such examples, housing 120 of MD 100 may be
implanted in a transthoracic region of the patient. Hous-
ing 120 may generally include any of a number of known
materials that are safe for implantation in a human body
and may, when implanted, hermetically seal the various
components of MD 100 from fluids and tissues of the
patient’s body.

[0025] In some examples, MD 100 may be an implant-
able cardiac pacemaker (ICP). In such an example, MD
100 may have one or more leads, for example leads 112,
which are implanted on or within the patient’s heart. The
one or more leads 112 may include one or more elec-
trodes 114 that are in contact with cardiac tissue and/or
blood of the patient’s heart. MD 100 may also be config-
ured to sense intrinsically generated cardiac electrical
signals and determine, for example, one or more cardiac
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arrhythmias based on analysis of the sensed signals. MD
100 may further be configured to deliver CRT, ATP ther-
apy, bradycardia therapy, defibrillation therapy and/or
other therapy types via leads 112 implanted within the
heart.

[0026] In some instances, MD 100 may be a subcuta-
neous cardioverter-defibrillator (S-ICD). In such exam-
ples, one of leads 112 may include a subcutaneously
implanted lead. In some cases, MD 100 may be config-
ured to sense intrinsically generated cardiac electrical
signals and determine one or more cardiac arrhythmias
based on analysis of the sensed signals. MD 100 may
further be configured to deliver one or more defibrillation
pulses in response to determining an arrhythmia.
[0027] In still other examples, MD 100 may be a lead-
less cardiac pacemaker (LCP - described more specifi-
cally with respect to Figure 2). In such examples, MD 100
may notinclude leads 112 that extend away from housing
120.Rather, MD 100 may include electrodes 114 coupled
relative to the housing 120. In these examples, MD 100
may be implanted on or within the patient’s heart at a
desired location, and may be configured to deliver CRT,
ATP therapy, bradycardia therapy, and/or other therapy
types via electrodes 114.

[0028] In some instances, MD 100 may be a diagnos-
tic-only device. In some cases, MD 100 may be config-
ured tosense, orreceive, cardiac electrical signals and/or
physical parameters such as mechanical contraction,
heart sounds, blood pressure, blood-oxygen levels, etc.
MD 100 may further be configured to determine occur-
rences of arrhythmias based on the sensed or received
cardiac electrical signals and/or physical parameters. In
one example, MD 100 may do away with pulse generation
module 104, as MD 100 may not be configured to deliver
electrical stimulation in response to determining an oc-
currence of an arrhythmia. Rather, in order to respond
to detected cardiac arrhythmias, MD 100 may be part of
a system of medical devices. In such a system, MD 100
may communicate information to other devices within the
system and one or more of the other devices may take
action, for example delivering electrical stimulation ther-
apy, in response to the receive information from MD 100.
The term pulse generator may be used to describe any
such device that is capable of delivering electrical stim-
ulation therapy to the heart, such as an ICD, ICP, LCP,
or the like.

[0029] In some example, MD 100 may not be an im-
plantable medical device. Rather, MD 100 may be a de-
vice external to the patient’s body, and may include skin-
electrodes that are placed on a patient’'s body. In such
examples, MD 100 may be able to sense surface cardiac
electrical signals (e.g. electrical signals that are gener-
ated by the heart or device implanted within a patient’s
body and conducted through the body to the skin). In
such examples, MD 100 may still be configured to deliver
various types of electrical stimulation therapy. In other
examples, however, MD 100 may be a diagnostic-only
device.
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[0030] Figure 2is an illustration of an exemplary lead-
less cardiac pacemaker (LCP) 200. In the example
shown, LCP 200 may include all of the modules and com-
ponents of MD 100, except that LCP 200 may notinclude
leads 112. As can be seen in Figure 2, LCP 200 may be
acompactdevice with all components housed within LCP
200 or directly on housing 220. As illustrated in Figure 2,
LCP 200 may include telemetry module 202, pulse gen-
erator module 204, processing module 210, and battery
212. Such components may have a similar function to
the similarly named modules and components as dis-
cussed in conjunction with MD 100 of Figure 1.

[0031] In some examples, LCP 200 may include elec-
trical sensing module 206 and mechanical sensing mod-
ule 208. Electrical sensing module 206 may be similar to
sensing module 102 of MD 100. For example, electrical
sensing module 206 may be configured to receive elec-
trical signals generated intrinsically by the heart. Electri-
cal 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. Forexample,
mechanical sensing module 208 may include, or be in
electrical communication with one or more sensors, such
as accelerometers, blood pressure sensors, heart sound
sensors, blood-oxygen sensors, and other sensors which
measure physiological parameters of the patient. Al-
though described with respect to Figure 2 as separate
sensing modules, in some examples, electrical sensing
module 206 and mechanical sensing module 208 may
be combined into a single module.

[0032] In at least one example, each of modules 202,
204, 206, 208, and 210 illustrated in Figure 2 may be
implemented on a single integrated circuit chip. In other
examples, the illustrated components may be imple-
mented in multiple integrated circuit chips that are in elec-
trical communication with one another. All of modules
202, 204, 206, 208, and 210 and battery 212 may be
encompassed within housing 220. Housing 220 may gen-
erally include any material that is known as safe for im-
plantation within a human body and may hermetically
seal modules 202, 204, 206, 208, and 210 and battery
212 from fluids and tissues when LCP 200 is implanted
within a patient.

[0033] As depicted in Figure 2, LCP 200 may include
electrodes 214, which can be secured relative to housing
220 but exposed to the tissue and/or blood surrounding
the LCP 200. As such, electrodes 214 may be generally
disposed on either end of LCP 200 and may be in elec-
trical communication with one or more of modules 202,
204, 206, 208, and 210. In some examples, electrodes
214 may be connected to housing 220 only through short
connecting wires such that electrodes 214 are notdirectly
secured relative to housing 220. In some examples, LCP
200 may additionally include one or more electrodes
214’. Electrodes 214’ may be positioned on the sides of
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LCP 200 and increase the number of electrodes by which
LCP 200 may sense cardiac electrical activity and/or de-
liver electrical stimulation. Electrodes 214 and/or 214’
can be made up of one or more biocompatible conductive
materials such as various metals or alloys that are known
to be safe for implantation within a human body. In some
instances, electrodes 214 and/or 214’ connected to LCP
200 may have an insulative portion that electrically iso-
lates the electrodes 214 from, adjacent electrodes, the
housing 220, and/or other materials.

[0034] To implant 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, an-
chor 216 may include 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 sur-
rounding cardiac tissue.

[0035] Thedesign 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 of an LCP, the medical
device can be introduced through a femoral vein into the
heart. In such instances, the dimensions of the medical
device may be such as to be navigated smoothly through
the tortuous path of the vein without causing any damage
to surrounding tissue of the vein. According to one ex-
ample, the average diameter of the femoral vein may be
between about 4mm to about 8mm in width. For naviga-
tion to the heart through the femoral vein, the medical
device can have a diameter of at less than 8mm. In some
examples, the medical device can have a cylindrical
shape having a circular cross-section. However, it should
be noted that the medical device can be made of any
other suitable shape such as rectangular, oval, etc. A
flat, rectangular-shaped medical device with a low profile
may be desired when the medical device is designed to
be implanted subcutaneously.

[0036] Figures 1and 2 above described various exam-
ples 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 abnormalities. Some example sys-
tems will be described below in connection with Figures
3-10. Insuch multiple device systems, it may be desirable
to have a medical device communicate with another med-
ical device, or at least receive various communication
signals from another medical device.
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[0037] Figure 3 illustrates an example of a medical de-
vice system and a communication pathway via which
multiple medical devices may communicate. In the ex-
ample shown, medical device system 300 may include
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 in-
clude a sensor, such as an accelerometer or blood pres-
sure sensor, or the like. In still other examples, other sen-
sors/devices 310 may include an external programmer
device that may be used to program one or more devices
of system 300.

[0038] Various devices of system 300 may communi-
cate via communication pathway 308. For example,
LCPs 302 and/or 304 may sense intrinsic cardiac elec-
trical signals and may communicate such signals to one
or more other devices 302/304, 306, and 310 of system
300 via communication pathway 308. In one example,
external device 306 may receive such signals and, based
on the received signals, determine an occurrence of an
arrhythmia. In some cases, external device 306 may
communicate such determinations to one or more other
devices 302/304, 306, and 310 of system 300. Addition-
ally, one or more other devices 302/304, 306, and 310
of system 300 may take action based on the communi-
cated determination of an arrhythmia, such as by deliv-
ering a suitable electrical stimulation. This description is
just one of many reasons for communication between
the various devices of system 300.

[0039] Communication pathway 308 may represent
one or more of various communication methods. For ex-
ample, the devices of system 300 may communicate with
each other via RF signals, inductive coupling, optical sig-
nals, acoustic signals, or any other signals suitable for
communication and communication pathway 308 may
represent such signals.

[0040] In at least one example, communicated path-
way 308 may represent conducted communication sig-
nals. Accordingly, devices of system 300 may have com-
ponents that allow for conducted communication. In ex-
amples where communication pathway 308 includes
conducted communication signals, devices of system
300 may communicate with each other by sensing elec-
trical communication pulses delivered into the patient’s
body by another device. The patient’s body may conduct
these electrical communication pulses to the other de-
vices of system 300. In such examples, the delivered
electrical communication pulses may differ from the elec-
trical stimulation pulses of any of the above described
electrical stimulation therapies. For example, the devices
of system 300 may deliver such electrical communication
pulses at a voltage level that is sub-threshold. That is,
the voltage amplitude of the delivered electrical commu-
nication pulses may be low enough as to not capture the
heart (e.g. not cause a contraction). Although, in some



13 EP 3 092 035 B1 14

circumstances, one or more delivered electrical commu-
nication pulses may capture the heart, and in other cir-
cumstances, delivered electrical stimulation pulses may
not capture the heart. In some cases, the delivered elec-
trical communication pulses may be modulated (e.g.
pulse width modulated), or the timing of the delivery of
the communication pulses may be modulates, to encode
the communicated information. These are just some ex-
amples.

[0041] As mentioned above, some example systems
may employ multiple devices for determining occurrenc-
es of arrhythmias, and/or for delivering electrical stimu-
lation therapy in response to determining one or more
arrhythmias. In some embodiments 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 deliver an anti-tachycardia
pacing therapy. In some embodiments, a first medical
device may communicate a need for assistance to a sec-
ond medical device, and the second medical device may
work with the first medical device to deliver a more ef-
fective pacing therapy. In some embodiments, a second
medical device may instead be instructed by the first
medical device to temporarily cease operation while the
first medical device delivers an anti-tachycardia pacing
or other therapy.

[0042] For example, if a patient has an atrial LCP and
a ventricular LCP, it may be advantageous for the atrial
LCP to be inhibited while the ventricular LCP delivers
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 ad-
vantageous in these situations to coordinate ant-tachy-
cardia pacing therapy between the LCP disposed in or
near the left ventricle and the LCP disposed in or near
the right ventricle. If present, an atrial LCP is inhibited
during the anti-tachycardia pacing therapy. In contrast,
some patients may respond better to anti-tachycardia
pacing therapy delivered only to a single ventricle. In such
instances, either the left ventricle LCP or the right ven-
tricle LCP may deliver anti-tachycardia pacing therapy
while the other ventricular LCP may be inhibited. Any
atrial LCP, if present, may be inhibited. In some embod-
iments, if an S-ICD is 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 circuits from their input/output elec-
trodes (rendering the electrodes inactive) for their own
protection, before the S-ICD delivers a defibrillation
shock.

[0043] Figure 3, for example, shows LCP 302 disposed
in the right ventricle and LCP 304 disposed in the left
ventricle. If a need for anti-tachycardia pacing therapy is
determined, in some embodiments, one of the LCPs 302,
304 may instruct the other LCP to assist in providing biv-
entricular anti-tachycardia pacing therapy. In some em-
bodiments, LCP 302 may provide right ventricular anti-
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tachycardia pacing therapy while LCP 304 remains dor-
mant. In some embodiments, LCP 304 may provide left
ventricular anti-tachycardia pacing therapy while LCP
302 remains dormant. In some embodiments, both LCP
302 and LCP 304 may be instructed to remain dormant
while another device provides pacing therapy.

[0044] Figures 3-10 describe various example sys-
tems that may use multiple devices in order to determine
occurrences of arrhythmias and/or deliver electrical stim-
ulation therapy. However, Figures 3-10 should not be
viewed as limiting examples. For example, Figures 3-10
describe how various multiple device systems may co-
ordinate to detect various arrhythmias. However, any
combinations of devices such as that described with re-
spect to MD 100 and LCP 200 may used in concert with
the below described techniques for detecting arrhythmi-
as. Additionally, although the below description focuses
on how devices of various systems may operate to detect
arrhythmias, such devices may additionally operate to
deliver electrical stimulation therapy in accordance with
one or more techniques, such as described in the co-
pending provisional applications titled "XXX", filed on
[DATE] (1001.3485100), and "YYY", filed on [DATE]
(1001.3486100), both of which are hereby incorporated
by reference in their entirety.

[0045] Figure 4 illustrates an example medical device
system 400 that includes an LCP 402 and a pulse gen-
erator 406. In some examples, pulse generator 406 may
be either an external cardioverter-defibrillator or an ICD.
For example, pulse generator 406 may be such devices
as described previously with respect to MD 100. In some
examples, pulse generator 406 may be an S-ICD. In ex-
amples where pulse generator 406 is an external cardi-
overter-defibrillator, electrodes 408a, 408b, and 408c
may be skin electrodes that reside on the patient’s body.
Inexamples where pulse generator 406 isan S-ICD, elec-
trodes 408a, 408b, and 408c may be attached to a sub-
cutaneous lead that is implanted within the patient’s body
proximate, but not on or within the heart 410.

[0046] As shown, LCP 402 may be implanted within
heart 410. Although LCP 402 is depicted as being im-
planted within the left ventricle (LV) of heart 410, in other
examples, LCP 402 may be implanted within a different
chamber of the heart 410. For example, LCP 402 may
be implanted within the left atrium (LA) of heart 410 or
the right atrium (RA) of heart 410. In other examples,
LCP 402 may be implanted within the right ventricle (RV)
of heart 410.

[0047] Inanyevent, LCP 402 and pulse generator 406
may operate together to determine occurrences of car-
diac arrhythmias of heart410. 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 electrical signals and/or
sensed physiological parameters. In such examples,
each of LCP 402 and pulse generator 406 may operate
to determine occurrences of arrhythmias independently
of one another based on the independently sensed car-
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diac 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 system 400
also makes a determination of an arrhythmia, e.g. a sec-
ond 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
electrical stimulation therapy to heart410. In this manner,
both devices 402 and 406 of system 400 may be used
to determine an occurrence of an arrhythmia. In some
examples, when only one of devices 402 or 406 deter-
mines an occurrence of an arrhythmia, and the other does
not, system 400 may still begin to deliver appropriate
electrical stimulation therapy to heart 410.

[0048] In other examples, only one of devices 402 and
406 actively senses cardiac activity and determines oc-
currences of arrhythmias. For example, when the actively
sensing device (e.g. LCP 402) determines an occurrence
of an arrhythmia, the actively sensing device may com-
municate the determination to the other device (e.g.
Pulse Generator 406) of system 400. System 400 may
then begin to deliver appropriate electrical stimulation
therapy to heart 410. In another example, the device
which actively senses cardiac activity may communicate
the sensed cardiac activity to the other device. Then,
based on the received cardiac activity, the other device
may determine an occurrence of an arrhythmia. System
400 may then begin to deliver appropriate electrical stim-
ulation therapy to heart 410. In some of these examples,
the other device may additionally communicate the de-
termination of an arrhythmia to the actively sensing de-
vice.

[0049] In still other examples, only a first of devices
402 or 406 continuously senses cardiac actively. The first
device (e.g. Pulse Generator 406) may continually de-
termine, based on the sensed cardiac activity, occurrenc-
esofarrhythmias. In such examples, when the firstdevice
determines an occurrence of an arrhythmia, the first de-
vice may communicate the determination to the second
device (e.g. LCP 402). Upon receiving a determination
of an occurrence of an arrhythmia, the second device
may begin to sense cardiac activity. Based on its sensed
cardiac activity, the second device may also determine
an occurrence of an arrhythmia. In such examples, only
after the second device also determines an occurrence
of an arrhythmia, system 400 may begin to deliver ap-
propriate electrical stimulation therapy to heart 410.
[0050] In some examples, determining an occurrence
of an arrhythmia may include determining a beginning of
an arrhythmia, and system 400 may be configured to
determine when to begin to deliver electrical stimulation
therapy. In some examples, determining an occurrence
of an arrhythmia may include determining an end of an
arrhythmia. In such examples, system 400 may be con-
figured to also determine when to cease to deliver elec-
trical stimulation therapy.

[0051] In examples where system 400 operates to de-
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liver appropriate electrical stimulation therapy to heart
410, if the determined arrhythmia is a fibrillation, pulse
generator406 may operate to deliver a defibrillation pulse
to heart 410. In examples where the determined arrhyth-
mia is a tachycardia, LCP 402 may deliver ATP therapy
to heart 410. In examples where the determined arrhyth-
mia is a bradycardia, LCP 402 may deliver bradycardia
therapy to heart 410. In examples where the determined
arrhythmia is un-synchronized contractions, LCP 402
may deliver CRT to heart 410.

[0052] Figure 5illustrates an example medical device
system 500 that includes an LCP 502 and a pulse gen-
erator 506. In this example, pulse generator 506 may be
an implantable cardiac pacemaker (ICP). For example,
pulse generator 506 may be an ICP such as that de-
scribed previously with respect to MD 100. In examples
where pulse generator 506 is an ICP, electrodes 504a,
504b, and 504c may be implanted on or within the right
ventricle and/or right atrium of heart 510 via one or more
leads.

[0053] LCP 502 may be implanted within heart 510.
Although LCP 502 is depicted implanted within the left
ventricle (LV) of the heart 510, in some instances, LCP
502 may be implanted within a different chamber of the
heart 510. For example, LCP 502 may be implanted with-
in the left atrium (LA) of heart 510 or the right atrium (RA)
of heart 510. In other examples, LCP 502 may be im-
planted within the right ventricle (RV) of heart 510.
[0054] Inanyevent, LCP 502 and pulse generator 506
may operate together to determine occurrences of car-
diac arrhythmias of heart 510. In some instances, devices
502 and 506 may operate independently to sense cardiac
activity of heart 510. As described above, cardiac activity
may include sensed cardiac electrical signals and/or
sensed physiological parameters. In some cases, each
of LCP 502 and pulse generator 506 may operate to de-
termine occurrences of arrhythmias independently
based on the independently sensed cardiac activity.
When a first of LCP 502 or pulse generator 506 makes
a first determination of an arrhythmia, that first device
may communicate the first determination to the second
device. If the second device of system 500 also makes
a determination of an arrhythmia, e.g. a second determi-
nation of an arrhythmia, based on its own sensed cardiac
activity, system 500 may confirm the arrhythmia and may
begin to deliver appropriate electrical stimulation therapy
to heart 510. In this manner, both devices 502 and 506
of system 500 may be used to determine an occurrence
of an arrhythmia. In some instances, when only a single
one of devices 502 or 506 determines an occurrence of
an arrhythmia, system 500 may also begin to deliver ap-
propriate electrical stimulation therapy to heart 510.
[0055] Insome examples, only one of devices 502 and
506 may actively sense cardiac activity and determine
occurrences of arrhythmias. For example, when the ac-
tively sensing device (e.g. pulse generator 506) deter-
mines an occurrence of an arrhythmia, the actively sens-
ing device may communicate the determination to the
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other device (e.g. LCP 502) of system 500. System 500
may then begin to deliver appropriate electrical stimula-
tion therapy to heart 510. In some examples, the device
which actively senses cardiac activity may communicate
the sensed cardiac activity to the other device. Then,
based on the received cardiac activity, the other device
may sense for and determine an occurrence of an ar-
rhythmia. System 500 may then begin to deliver appro-
priate electrical stimulation therapy to heart 510. In some
instances, the other device may additionally communi-
cate the determination of an arrhythmia to the actively
sensing device.

[0056] In still other examples, only a first of devices
502 or 506 may continuously senses cardiac actively.
The first device may additionally continually determine,
based on the sensed cardiac activity, occurrences of ar-
rhythmias. In some examples, when the first device de-
termines an occurrence of an arrhythmia, the first device
may communicate the determination to the second de-
vice. Upon receiving a determination of an occurrence
of an arrhythmia, the second device may begin to sense
cardiac activity. Based on its sensed cardiac activity, the
second device may also determine an occurrence of an
arrhythmia. In such examples, only after the second de-
vice also determines an occurrence of an arrhythmia,
system 500 may begin to deliver appropriate electrical
stimulation therapy to heart 510.

[0057] In some examples, determining an occurrence
of an arrhythmia may include determining a beginning of
an arrhythmia, and system 500 may be configured to
determine when to begin to deliver electrical stimulation
therapy. In some examples, determining an occurrence
of an arrhythmia may include determining an end of an
arrhythmia. In such examples, system 500 may be con-
figured to determine when to cease to deliver electrical
stimulation therapy. In examples where system 500 does
notbeginto deliver appropriate electrical stimulation ther-
apy to heart 510 until multiple devices determine an oc-
currence of a cardiac arrhythmia, each of the determina-
tions that do not trigger delivery of electrical stimulation
therapy may be termed provisional determinations.
[0058] In examples where system 500 operates to de-
liver appropriate electrical stimulation therapy to heart
510, if the determined arrhythmia is a tachycardia, either
pulse generator 506, LCP 502, or both may deliver ATP
therapy to heart 510. In examples where the determined
arrhythmia is a bradycardia, either pulse generator 506,
LCP 502, or both may deliver bradycardia therapy to
heart510. In examples where the determined arrhythmia
is un-synchronized contractions, either pulse generator
506, LCP 502, or both may deliver CRT to heart 510.
[0059] Figure 6 illustrates an example medical device
system 600 that includes LCP 602 and LCP 606. LCP
602 and LCP 606 are 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
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chambers of heart 610. For example, system 600 may
include LCPs 602 and 606 implanted within both atria of
heart 610. In other examples, system 600 may include
LCPs 602 and 606 implanted within one atrium and one
ventricle of heart 610. In more examples, system 600
may include LCPs 602 and 606 implanted within any
combination of ventricles and atria. In yet other exam-
ples, system 600 may include LCPs 602 and 606 implant-
ed within the same chamber of heart 610.

[0060] In any event, and in some examples, LCP 602
and LCP 606 may operate together to determine occur-
rences of cardiac arrhythmias of heart610. 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 electrical sig-
nals and/or sensed physiological parameters. In such ex-
amples, each of LCP 602 and LCP 606 may operate to
determine occurrences of arrhythmias independently
based on the independently sensed cardiac activity.
When a first of LCP 602 or LCP 606 makes a first deter-
mination of an arrhythmia, that first device may commu-
nicate the first determination 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 ar-
rhythmia, based on its own sensed cardiac activity, sys-
tem 600 may confirm the arrhythmia 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 ar-
rhythmia. In some examples, when only a single one of
devices 602 or 606 determines an occurrence of an ar-
rhythmia, system 600 may begin to deliver appropriate
electrical stimulation therapy to heart 610.

[0061] In other examples, only one of devices 602 and
606 may actively sense cardiac activity and determine
occurrences of arrhythmias. In some of these examples,
when the actively sensing device (e.g. LCP 606) deter-
mines an occurrence of an arrhythmia, the actively sens-
ing device may communicate the determination to the
other device (e.g. LCP 602) of system 600. System 600
may then begin to deliver appropriate electrical stimula-
tiontherapy to heart610. In some cases, the device which
actively senses cardiac activity may communicate the
sensed cardiac activity to the other device. Then, based
on the received cardiac activity, the other device may
determine an occurrence of an arrhythmia. System 600
may then begin to deliver appropriate electrical stimula-
tion therapy to heart 610. In some of these examples,
the other device may additionally communicate the de-
termination of an arrhythmia to the actively sensing de-
vice and/or to another device.

[0062] In some examples, only a first of devices 602
or 606 may continuously sense cardiac actively. The first
device may continually determine, based on the sensed
cardiac activity, occurrences of arrhythmias. In such ex-
amples, when the first device determines an occurrence
of an arrhythmia, the first device may communicate the
determination to the second device. Upon receiving a
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determination of an occurrence of an arrhythmia, the sec-
ond device may begin to sense cardiac activity. Based
on its sensed cardiac activity, the second device may
also determine an occurrence of an arrhythmia. In such
examples, only after the second device also determines
an occurrence of an arrhythmia does system 600 begin
to deliver appropriate electrical stimulation therapy to
heart 610.

[0063] In some examples, determining an occurrence
of an arrhythmia may include determining a beginning of
an arrhythmia, and system 600 may be configured to
determine when to begin to deliver electrical stimulation
therapy. In some examples, determining an occurrence
of an arrhythmia may include determining an end of an
arrhythmia. In such examples, system 600 may be con-
figured to also determine when to cease to deliver elec-
trical stimulation therapy. In examples where system 600
does not begin to deliver appropriate electrical stimula-
tion therapy to heart 610 until multiple devices determine
an occurrence of a cardiac arrhythmia, each of the de-
terminations that do not trigger delivery of electrical stim-
ulation therapy may be termed provisional determina-
tions.

[0064] In examples where system 600 operates to de-
liver appropriate electrical stimulation therapy to heart
610, if the determined arrhythmia is a tachycardia, either
LCP 602, LCP 606, or both may deliver ATP therapy to
heart610. In examples where the determined arrhythmia
is a bradycardia, either LCP 602, LCP 606, or both may
deliver bradycardia therapy to heart 610. In examples
where the determined arrhythmia is un-synchronized
contractions, either LCP 602, LCP 606, or both may de-
liver CRT to heart 610.

[0065] In some embodiments, if a need for anti-tachy-
cardia pacing therapy is determined, one of the 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 an-
ti-tachycardia pacing therapy while LCP 602 remains dor-
mant. In some 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.

[0066] Although not necessarily described in Figures
4-6, one of the two devices of systems 400, 500, or 600
could be a diagnostic-only device. In such examples, af-
ter one or more of the devices determined an occurrence
of an arrhythmia, the diagnostic-only device may not de-
liver any electrical stimulation therapy. Rather, electrical
stimulation therapy may be delivered by another device
in the system that is capable of delivering appropriate
electrical stimulation therapy, if desired.

[0067] Figure 7 illustrates an example medical device
system 700 with three separate LCPs including LCP 702,
LCP 704, and LCP 706. Although system 700 is depicted
with LCPs 702, 704, and 706 implanted within the LV,
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RV, and LA, respectively, other examples may include
LCPs 702, 704, and 706 implanted within different cham-
bers of the heart 710. For example, system 700 may in-
clude LCPs implanted within both atria and one ventricle
of the heart 710. In other examples, system 700 may
include LCPs implanted within both ventricles and one
atria of heart 710. More generally, it is contemplated that
system 700 may include LCPs implanted within any com-
bination of ventricles and atria. In some instances, sys-
tem 700 may include two or more of LCPs 702, 704, and
706 implanted within the same chamber of the heart 710.
[0068] In practice, such a system 700 may operate in
accordance with any of the techniques described above
with respect to Figures 4-6. In some instances, however,
system may operate differently, at least to some degree.
For example, before system 700 begins to deliver appro-
priate electrical stimulation therapy to the heart 710, only
a majority of LCPs 702, 704, and 706 may need to de-
termine an occurrence of an arrhythmia. For example, in
some instances, all of LCPs 702, 704, and 706 may be
sensing cardiac activity and determining occurrences of
arrhythmias independently. In some cases, only after a
majority of LCPs 702, 704, and 706 determined an oc-
currence of an arrhythmia, may system 700 deliver ap-
propriate electrical stimulation therapy to the heart 710.
In some instances, one of the LCP’s is designated as the
master LCP, and the other slave LCP’s may communi-
cate whetherthey determine an occurrence of an arrhyth-
mia to the master LCP. The master LCP may then de-
termine if a majority of the LCP’s 702, 704, and 706 have
determined an occurrence of an arrhythmia, and if so,
may instruct the delivery of appropriate electrical stimu-
lation 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
to the heart 710, depending on the type and/or location
of the detected arrhythmia.

[0069] Alternatively, and in some instances, only a sin-
gle LCP may need to determine an occurrence of an ar-
rhythmia before system 700 may begin to deliver appro-
priate electrical stimulation therapy to heart 710. In yet
other examples, all three of the LCP’s 702, 704, and 706
may need to determine an occurrence of an arrhythmia
before system 700 delivers appropriate electrical stimu-
lation therapy to the heart 710.

[0070] Insome cases,onlyone LCP 702,704, and 706
may actively sense cardiac activity and determine an oc-
currence of an arrhythmia. After determining an occur-
rence of an arrhythmia, the actively sensing device may
communicate the determination to one or both of the oth-
er devices. In some cases, one or both of the other de-
vices may then begin sensing for and determining occur-
rences of arrhythmias. In some instances, when a first
one of the other devices determines an occurrence of an
arrhythmia, system 700 may begin to deliver appropriate
electrical stimulation therapy to heart 710. In other in-
stances, when both of the other devices determine an
occurrence of an arrhythmia, system 700 may begin to
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deliver appropriate electrical stimulation therapy to heart
710.

[0071] In some instances, LCPs 702, 704, and 706
may be set up in a daisy-chain configuration. For exam-
ple, an actively sensing device may send a determination
of an arrhythmia to only one of the other two devices
(alternatively, only one of the two receiving devices may
act upon the received determination from the actively
sensing device). The receiving device may then begin
actively sensing for and determining occurrences of ar-
rhythmias. Upon determining an occurrence of an ar-
rhythmia, the receiving device may communicate the de-
termination to the last device. The last device may then
begin sensing for and determining occurrences of ar-
rhythmias. In some instances, only when the last device
determines an occurrence of an arrhythmia does the sys-
tem 700 begin to deliver appropriate electrical stimulation
therapy to heart 710.

[0072] Also in accord with the description of systems
400, 500, and 700, in some examples, determining an
occurrence of an arrhythmia may include determining a
beginning of an arrhythmia, and system 700 may be con-
figured to determine when to begin to deliver electrical
stimulation therapy. In some examples, determining an
occurrence of an arrhythmia may include determining an
end of an arrhythmia. In such examples, system 700 may
be configured to determine when to cease delivery of
electrical stimulation therapy. In examples where system
700 does not begin to deliver appropriate electrical stim-
ulation therapy to heart 710 until multiple LCP devices
determine an occurrence of an arrhythmia, each of the
determinations that do not trigger delivery of electrical
stimulation therapy may be termed provisional determi-
nations.

[0073] In examples where system 700 operates to de-
liver appropriate electrical stimulation therapy to heart
710, if the determined arrhythmia is a tachycardia, one
or more of LCPs 702, 704, and 706 may deliver ATP
therapy to heart 710. In examples where the determined
arrhythmia is a bradycardia, one or more of LCPs 702,
704, and 706 may deliver bradycardia therapy to heart
710. In examples where the determined arrhythmiais un-
synchronized contractions, one or more of LCPs 702,
704, and 706 may deliver CRT to heart 710. It is contem-
plated that less than all of LCPs 702, 704, and 706 may
deliver electrical stimulation therapy in response to the
detection of an arrhythmia. For example, only a single of
LCPs 702,704, and 706 may deliver electrical stimulation
therapy. In other examples, two of LCPs 702, 704, and
706 may deliver electrical stimulation therapy.

[0074] In some embodiments, if a need for anti-tachy-
cardia pacing therapy is determined, one of the LCPs
702, 704 may instruct the other LCP to assist in providing
biventricular anti-tachycardia pacing therapy. For exam-
ple, LCP 704 may provide right ventricular anti-tachycar-
dia pacing therapy while LCP 702 remains dormant. In
some embodiments, LCP 702 may provide left ventricular
anti-tachycardia pacing therapy while LCP 704 remains
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dormant. In some embodiments, LCP 706 may be in-
structed to 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 instructed to remain
dormant while another device provides pacing therapy.
[0075] In accordance with the above described de-
scription, one can see how such techniques may be ex-
tended to systems that have more than three LCP devic-
es. For example, in a four LCP device system, any of
one, two, three, or four devices may be used to determine
an occurrence of an arrhythmia before the system begins
to deliver appropriate electrical stimulation therapy. In
some such examples, all, some, or one of the LCP de-
vices may initially actively sense and determine the oc-
currences of arrhythmias. In examples where less than
all are initially actively sensing, once one of the actively
sensing devices determines an occurrence of an arrhyth-
mia, and communicates that determination to other de-
vices of the system, at least one of the other devices of
the system may begin to actively sense cardiac activity
and determine occurrences of arrhythmias. Again, the
techniques described above may be extended to sys-
tems that include any number of LCP devices or other
devices, such as five, six, seven, or any other number
that is practically feasible for implantation within a pa-
tient’s body.

[0076] Additionally, although described above with re-
spectto three or more LCP devices, the same techniques
may be applied to any of the systems described with re-
spect to Figures 4-5. 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 any of the above de-
scribed techniques of system 700, with the pulse gener-
ator capable of sensing for arrhythmias and/or delivering
electrical stimulation therapy. In other examples, any of
systems 400 and 500 may include a plurality of additional
devices. For example, any of systems 400 and 500 may
include three, four, five, or any number of LCP devices
thatare practical forimplantation with a patient in addition
to pulse generators 406 and 506. Accordingly, in such
examples, the devices may operate together in accord-
ance with any of the above described techniques.
[0077] A multiple device system may, in some cases,
be capable of delivering more effective electrical stimu-
lation therapy than a single device system. For example,
before beginning to deliver electrical stimulation therapy,
example systems may determine which of the devices
of the system first senses a depolarization wave of the
heart. In such examples, such systems may direct the
device which senses the depolarization wave first to de-
liver the electrical stimulation therapy. This may allow
such systems to deliver electrical stimulation therapy at
a site closer to the origin of an arrhythmia, which may
increase the effectiveness of the electrical stimulation
therapy.

[0078] Inthe example of system 700, one of the devic-
es of system 700 may determine an occurrence of a tach-
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yarrhythmia, either individually or in addition to provision-
al determinations by other devices of system 700 in ac-
cordance with any of the techniques described above.
One of the devices of system 700 (e.g. a master device)
may determine to deliver ATP therapy to heart 710 or to
determine to direct another device of system 700 to de-
liver 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 senses an intrinsic cardiac depolarization wave
of heart 710. The device that senses such a depolariza-
tion wave first may then begin delivery of ATP therapy.
[0079] A multiple device system may be used to help
provide discrimination between atrial arrhythmias and
ventricular arrhythmias. For instance, example systems
described herein may operate differently depending on
whether an arrhythmia is an atrial arrhythmia or a ven-
tricular arrhythmia in order to more effectively treat such
arrhythmias.

[0080] As one illustrative example, one of the devices
of system 700 may determine an occurrence of a tach-
yarrhythmia, either individually or in addition to provision-
al determinations by other devices of system 700 in ac-
cordance with any of the techniques described above.
Additionally, a device of system 700 may determine
whether the tachycardia is an atrial tachycardia or a ven-
tricular tachycardia. If the tachycardia is an atrial tachy-
cardia, one or more of the devices of system 700 may
determine to not deliver electrical stimulation therapy. If
the tachycardia is a ventricular tachycardia, one or more
of the devices of system 700 may additionally determine
whether the rate of the tachycardia is above a threshold
and whether the cardiac electrical signal is a polymorphic
signal. If the tachycardia rate is below the threshold and
the cardiac electrical signal is not a polymorphic signal,
one or more of the devices of system 700 may deliver,
or direct a different device of system 700 to deliver, ATP
therapy to the heart 710. If the tachycardia rate is above
the threshold or the cardiac electrical signal is a polymor-
phic signal, one or more of the devices of system 700
may deliver, or direct a different device of system 700 to
deliver, a defibrillation pulse to heart 710. Discriminating
between such atrial and ventricular arrhythmias, and re-
sponding differently to the different types of arrhythmias,
may increase the effectiveness of delivered electrical
stimulation therapy and decrease negative outcomes of
any delivered electrical stimulation therapy. The above
description is just one example of how the disclosed sys-
tems may operate to discriminate between various ar-
rhythmias and deliver electrical stimulation therapy in re-
sponse to the different determined arrhythmias.

[0081] Figures 8 and 9 illustrate other example implan-
tation locations and configurations for a multiple device
medical system. For example, medical device system
800 of Figure 8 shows three LCP devices, LCPs 802,
804, and 806. Two of the LCP devices, LCPs 802 and
804, are shown implanted within a single chamber of
heart 810. In other examples, all three devices may be
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implanted within a single chamber of heart 810. Although
two LCP’s 802 and 804 are shown implanted within the
LV of heart 810, in other examples, any of the chambers
of heart 810 may include multiple implanted LCP devices.
Implanting multiple devices within a single chamber may
enhance the effectiveness of delivered electrical stimu-
lation, 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 previously with respect to the other systems,
any of the other system described herein, such as sys-
tems 400 and 500 may include one or more devices im-
planted within a single chamber of the heart, as desired.
[0082] Medical device system 900 of Figure 9 includes
an LCP 902 implanted on an epicardial surface of heart
910. LCPs 904 and 906 are shown implanted on an en-
docardial surface of heart 910. In some instances, one
or more additional devices of system 900 may be im-
planted on an epicardial surface. In some instance, a
device implanted on an epicardial surface of a heart may
sense intrinsic cardiac electrical signals and/or deliver
appropriate electrical stimulation therapy to the heart. Ac-
cordingly, any of the systems described herein may in-
clude one or more devices implanted on an endocardial
surface of a heart, as desired.

[0083] Asnotedabove,in some embodiments, one de-
vice in 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 illustrative medical device system
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 com-
municate with the slave devices 1004, 1006, and 1008
though the body of the patient. In other examples, the
master and slave devices may communicate via a differ-
ent communication mechanism, such as through radiof-
requency (RF) signals, inductive coupling, optical sig-
nals, acoustic signals, or any other suitable for commu-
nication mechanism, as desired.

[0084] In one example, the master device 1002 may
be an ICD device, for example, an ICD or an S-ICD, and
may be configured to receive cardiac information from
one or more slave devices 1004, 1006, and 1008. In some
cases, the slave devices may be LCPs. The communi-
cated cardiac information may include, for example, car-
diac 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 occurrences of arrhythmias
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 determine that the cardiac activity from one or mul-
tiple devices of system 1000 indicates an occurrence of
an arrhythmia. In some cases, although multiple devices
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of system 1000 may each be sensing cardiac activity,
only a single device, such as master device 1002, may
make the determination that a cardiac arrhythmia is oc-
curring and that an appropriate electrical stimulation ther-
apy is desired.

[0085] Inresponse to determining an occurrence of an
arrhythmia, master device 1002 may determine to deliver
electrical stimulation therapy. In one example, master
device 1002 may determine an appropriate electrical
stimulation therapy based on the type of arrhythmia. Ad-
ditionally, master device 1002 may determine which de-
vice or devices should deliver the electrical stimulation
therapy. Master device 1002 may direct one or more of
the devices, which mightinclude the master device itself,
to actually deliver the desired electrical stimulation ther-
apy. Master device 1002 may operate according to any
of the previously disclosed techniques. For example,
master device 1002 may determine one or more provi-
sional determinations of occurrences of arrhythmias be-
fore determining an actual occurrence of an arrhythmia.
Master device 1002 may additionally distinguish between
atrial and ventricular arrhythmias and determine appro-
priate electrical stimulation therapy to deliver based on
the determined type of arrhythmia. In some examples,
master device 1002 may determine which device or de-
vices need to deliver electrical stimulation therapy based
on which device or devices sensed the cardiac depolari-
zation wave first of a cardiac cycle.

[0086] In some instances, multiple devices of system
1000 may determine occurrences of arrhythmias. For ex-
ample, slave devices 1004, 1006, and 1008 may each
determine occurrences of arrhythmias and may commu-
nicate such determinations to master device 1002. In
some examples, such determinations may be considered
actual or provisional determinations. Based on such re-
ceived determinations, master device 1002 may deter-
mine an occurrence of an arrhythmia, in accordance with
any of the previously disclosed techniques. Based on an
determination of an arrhythmia, master device 1002 may
deliver, and/or direct one or more of slave devices 1004,
1006, and 1008 to deliver, appropriate electrical stimu-
lation therapy.

[0087] In some cases, not all of master device 1 002
and slave devices 1004, 1006, and 1008 may be actively
sensing for an arrhythmia. For instance, as described
previously, in some examples only a single, or less than
all of master device 1002 and slave devices 1004, 1006,
and 1008 may be actively sensing for an arrhythmia. In
at least one example, the actively sensing device may
be sending cardiac activity to master device 1002. Based
on the received cardiac activity, master device 1002 may
determine an occurrence of an arrhythmia. After deter-
mining an occurrence of an arrhythmia, master device
1002 may direct a second device of system 1000 to begin
actively sensing cardiac activity. This second device may
additionally communicate sensed cardiac activity to mas-
ter device 1002. Again, master device 1002 may deter-
mine an occurrence of an arrhythmia based on the re-
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ceived cardiac activity from the second device. After mak-
ing one or more determinations of an occurrence of an
arrhythmia, master device 1002 may deliver, or direct
one or more of slave devices 1004, 1006, and 1008 to
deliver, appropriate electrical stimulation therapy. In oth-
er examples, instead of sending sensed cardiac data,
the devices may send determinations of occurrences of
an arrhythmia to master device 1002. In some cases,
master device 1002 may not sense cardiac activity. Rath-
er, master device 1002 may make determinations of oc-
currences of cardiac arrhythmias based on received car-
diac activity and/or determinations from those slave de-
vices that are sensing cardiac activity.

[0088] In some cases, master device 1002 may be an
LCP device, an external cardioverter-defibrillator, ICP,
diagnostic-only device, or a neural stimulation device. In
some examples, master device 1002 and the slave de-
vices 1004, 1006, and 1008 may have similar hardware
configuration; however, they may have different software
installed. In some examples, the slave devices 1004,
1006, and 1008 may be set to a "slave mode" while mas-
ter device 1002 may be set to a "master mode", even
though all devices share the same hardware and soft-
ware features. Additionally, in some examples, the de-
vices of system 1000 may switch between being config-
ured as a masterdevice and a slave device. Forexample,
an external programmer may connect to any of the de-
vices of such systems and alter the programming of any
of the devices of the system, as desired.

[0089] Figure 11 is a flow chart showing an illustrative
method 1100 that may be carried out using a plurality of
implantable medical devices. Atblock 1110, an anti-tach-
ycardia 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 car-
ried out by a leadless cardiac pacemaker (LCP). In some
embodiments, the anti-tachycardia pacing therapy is de-
livered to a ventricle of the heart.

[0090] A message is communicated from the first one
of the plurality of implantable medical devices to at least
a second one of the plurality of implantable medical de-
vices before and/or during delivery of the anti-tachycardia
pacing therapy, as generally indicated at block 1120. In
some embodiments, the second one of the plurality of
medical devices may be a leadless cardiac pacemaker
(LCP), a subcutaneous implantable cardioverter-defibril-
lator (S-ICD), an ICD, a diagnostic only device, a neural-
stimulator, or any other suitable device. In some embod-
iments, 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 embodiments, the
message delivered to the second one of the plurality of
implantable medical device modifies the therapy that is
delivered by the second one of the plurality ofimplantable
devices, such as causes the second one of the plurality
of implantable medical devices to assist the firstimplant-
able medical device in delivering therapy, temporarily
stop providing therapy, temporary shutdown, or operate
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in any other suitable manner as desired.

[0091] In some embodiments, the first one of the plu-
rality ofimplantable medical devices is a leadless cardiac
pacemaker (LCP) that is configured to deliver anti-tach-
ycardia pacing therapy to a first ventricle site, and the
second one of the plurality of implantable medical devic-
es is a leadless cardiac pacemaker (LCP) that is config-
ured to deliver anti-tachycardia pacing therapy to a sec-
ond ventricle site. In some embodiments, the anti-tach-
ycardia pacing therapy that is delivered by the second
one of the plurality of implantable medical devices is af-
fected, at least in part, by the communicated message
from the first one of the plurality of implantable medical
devices. In some embodiments, the communicated mes-
sage may cause the second one of the plurality of im-
plantable 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 suitable manner as
desired.

[0092] Figure 12 is a flow chart showing another illus-
trative method 1200 that may be carried out using a plu-
rality of implantable medical devices. At block 1210, a
pacing therapy is delivered to the heart of the patient
using at least two of a plurality of implantable medical
devices. The at least two implantable medical devices
are communicatively coupled. Ifitis determined that anti-
tachycardia pacing therapy is to be delivered by a first
one ofthe plurality ofimplantable medical devices, a mes-
sage is communicated from the first one of the plurality
of implantable medical devices to at least a second one
of the plurality of implantable medical devices before
and/or during delivery of the anti-tachycardia pacing ther-
apy by the first one of the plurality of implantable medical
devices, as generally indicated at block 1220. The com-
municated message may cause the second one of the
plurality of implantable medical devices to, for example,
assist the first implantable medical device in delivering
the anti-tachycardia pacing therapy, temporarily stop
providing therapy, temporary shutdown, or operate in any
other suitable manner as desired.

[0093] Figure 13 is a flow chart showing yet another
illustrative method 1300 that may be carried out using a
plurality of implantable medical devices. At block 1310,
one or more cardiac signals may be sensed by an im-
planted medical device. In some embodiments, the one
or more cardiac signals are sensed by a first implantable
medical device. A determination 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 embodiments, the de-
termination is made by the first implantable medical de-
vice. At block 1330, an anti-tachycardia pacing therapy
is delivered to the heart of the patient using a first im-
plantable medical device such as a leadless cardiac
pacemaker (LCP). A message is communicated from the
first implantable medical device (e.g. leadless cardiac
pacemaker) to a second implantable medical device be-
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fore 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 implantable medical device. For example, the
message may cause the second one of the plurality of
implantable medical devices to assistthe firstimplantable
medical device in delivering the anti-tachycardia pacing
therapy, temporarily stop providing therapy, temporary
shutdown, or operate in any other suitable manner as
desired.

[0094] In some embodiments, the therapy modified by
the communicated message may be one or more of a
bradycardia therapy, a resynchronization therapy, a neu-
ral stimulation therapy, a tachyarrhythmia therapy, a pac-
ing therapy and/or a shock therapy. In some embodi-
ments, a diagnostic feature of the second one of the plu-
rality of medical devices may be modified by the commu-
nicated message. The diagnostic feature may be modi-
fied by one or more of modifying data storage (e.g. ena-
bling, disabling, increasing, deceasing, suspending, de-
leting, copying), enabling or disabling a sensor, storing
the occurrence of the communicated message, or/and
storing information related to the effectiveness of the anti-
tachycardia pacing.

[0095] Those skilled in the art will recognize that the
present disclosure may be manifested in a variety of
forms other than the specificembodiments 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 con-
solidate the described functions into fewer modules. Ac-
cordingly, departure in form and detail may be made with-
out departing from the scope of the present disclosure
as described in the appended claims.

Claims

1. A medical system, the medical system comprising:
a plurality of implantable medical devices including
a first implantable medical device and a second im-
plantable medical device, wherein the first implant-
able medical device is a leadless cardiac pacemaker
(LCP) and the second implantable medical device is
a leadless cardiac pacemaker (LCP), wherein the
first implantable medical device is configured to pro-
vide an anti-tachycardia response via one or more
electrodes of the firstimplantable medical device and
to communicate a message to at least the second
implantable medical device before providing the anti-
tachycardia response.
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The medical system of claim 1, wherein the first im-
plantable medical device is configured to provide the
anti-tachycardia response that is for a ventricle of a
heart.

The medical system of any of claims 1-2, wherein
the second implantable medical device is configured
to deliver a therapy for treating a heart, and the mes-
sage received from the first implantable medical de-
vices modifies the therapy that is delivered by the
second implantable medical devices.

The medical system of any of claims 1-3, wherein
the firstimplantable medical device is a leadless car-
diac pacemaker (LCP) that is configured to deliver
an anti-tachycardia response, and the second im-
plantable medical device is a leadless cardiac pace-
maker (LCP) that is configured to deliver an anti-
tachycardia response, wherein the anti-tachycardia
response thatis delivered by the second implantable
medical device is affected, at least in part, by the
communicated message from the first implantable
medical device and/or wherein the second implant-
able medical device is configured to deliver a neural
stimulation response.

The medical system of any of claims 1-4, wherein,
for delivering anti-tachycardia pacing therapy by at
least one of the plurality of implantable medical de-
vices, the plurality of implantable medical devices of
the medical system comprises at least two implant-
able medical devices, wherein the at least two im-
plantable medical devicesinclude electrodes for pro-
viding an anti-tachycardia pacing response and are
communicatively coupled.

The medical system of any of claims 1-5, wherein
the second implantable medical device is configured
to be inhibited in response to receiving the message
from the first implantable medical device and pref-
erably wherein, when inhibited, one or more elec-
trodes of the second implantable medical device are
rendered inactive.

The medical system of any of claims 1-6, wherein
the message informs the second implantable medi-
cal device of delivery of anti-tachycardia pacing ther-
apy to the heart of the patient by the firstimplantable
medical device.

The medical system of any of claims 1-7, further com-
prising means for sensing one or more cardiac sig-
nals, and means for determining to deliver an anti-
tachycardia response based, at least in part on the
one or more sensed cardiac signals, and/or wherein
the firstimplantable medical device is configured for
sensing one or more cardiac signals and for deter-
mining to deliver an anti-tachycardia response
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based, at least in part on the one or more sensed
cardiac signals.

The medical system of any of claims 1-8, wherein
the second implantable medical device is configured
to deliver a therapy to an atrium of the patient’s heart
and/or wherein the first implantable medical device
is configured to communicate the message to the
second implantable medical device via a communi-
cation pathway that includes a body of a patient.

Patentanspriiche

1.

Medizinisches System, wobei das medizinische
System umfasst:

mehrere implantierbare medizinische Vorrichtun-
gen, die eine erste implantierbare medizinische Vor-
richtung und eine zweite implantierbare medizini-
sche Vorrichtung einschlief3en, wobei die erste im-
plantierbare medizinische Vorrichtung ein drahtloser
Herzschrittmacher (LCP) ist und die zweite implan-
tierbare medizinische Vorrichtung ein drahtloser
Herzschrittmacher (LCP) ist, wobei die erste implan-
tierbare medizinische Vorrichtung dafiir ausgelegt
ist, Uber eine oder mehrere Elektroden der ersten
implantierbaren medizinischen Vorrichtung eine An-
titachykardie-Antwort bereitzustellen und eine Mel-
dung an zumindest die zweite implantierbare medi-
zinische Vorrichtung zu Ubermitteln, bevor sie die
Antitachykardie-Antwort bereitstellt.

Medizinisches System nach Anspruch 1, wobei die
erste implantierbare medizinische Vorrichtung dafur
ausgelegt ist, die Antitachykardie-Antwort bereitzu-
stellen, die fiir einen Ventrikel eines Herzens be-
stimmt ist.

Medizinisches System nach einem der Anspriiche
1-2, wobei die zweite implantierbare medizinische
Vorrichtung dafiir ausgelegt ist, eine Therapie zur
Behandlung eines Herzens abzugeben, und die Mel-
dung, die aus den ersten implantierbaren medizini-
schen Vorrichtungen empfangen wird, die Therapie
modifiziert, die von den zweiten implantierbaren me-
dizinischen Vorrichtungen abgegeben wird.

Medizinisches System nach einem der Anspriiche
1-3, wobei die erste implantierbare medizinische
Vorrichtung ein drahtloser Herzschrittmacher (LCP)
ist, der dafiir ausgelegtist, eine Antitachykardie-Ant-
wort abzugeben, und die zweite medizinische Vor-
richtung ein drahtloser Herzschrittmacher (LCP) ist,
der dafiirausgelegtist, eine Antitachykardie-Antwort
abzugeben, wobei die Antitachykardie-Antwort, die
von der zweiten implantierbaren medizinischen Vor-
richtung abgegeben wird, zumindest zum Teil von
der von der ersten implantierbaren medizinischen
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Vorrichtung Gbermittelten Meldung beeinflusst wird,
und/oder wobei die zweite implantierbare medizini-
sche Vorrichtung dafiir ausgelegt ist, eine Neuronal-
stimulationsantwort abzugeben.

Medizinisches System nach einem der Anspriiche
1-4, wobei die mehreren implantierbaren medizini-
schen Vorrichtungen des medizinischen Systems fiir
die Abgabe einer Antitachykardie-Stimulationsthe-
rapie durch mindestens eine von den mehreren im-
plantierbaren medizinischen Vorrichtungen mindes-
tens zwei implantierbare medizinische Vorrichtun-
gen umfassen, wobei die mindestens zwei implan-
tierbaren medizinischen Vorrichtungen Elektroden
fur die Bereitstellung einer Antitachykardie-Stimulie-
rungsantwort aufweisen und kommunikativ verbun-
den sind.

Medizinisches System nach einem der Anspriiche
1-5, wobei die zweite implantierbare medizinische
Vorrichtung dafiir ausgelegt ist, als Antwort auf den
Empfang der Meldung von der ersten medizinischen
Vorrichtung gehemmt zu werden, und wobei eine
oder mehrere Elektroden der zweiten implantierba-
ren medizinischen Vorrichtung, wenn sie gehemmt
werden, vorzugsweise inaktiv gemacht werden.

Medizinisches System nach einem der Anspriiche
1-6, wobei die Meldung die zweite implantierbare
medizinische Vorrichtung tiber die Abgabe der An-
titachykardie-Stimulationstherapie an das Herz des
Patienten durch die erste implantierbare medizini-
sche Vorrichtung informiert.

Medizinisches System nach einem der Anspriiche
1-7, ferner eine Einrichtung zum Ertasten eines oder
mehrerer Herzsignale und eine Einrichtung zum Be-
stimmen der Abgabe einer Antitachykardie-Antwort
zumindest zum Teil auf Basis des einen oder der
mehreren ertasteten Herzsignale umfassend,
und/oder wobei die erste implantierbare medizini-
sche Vorrichtung dafiir ausgelegt ist, ein oder meh-
rere Herzsignale zu ertasten und zumindest zum Teil
auf Basis des einen oder der mehreren ertasteten
Herzsignale zu bestimmen, ob eine Antitachykardie-
Antwort abgegeben werden soll.

Medizinisches System nach einem der Anspriiche
1-8, wobei die zweite implantierbare medizinische
Vorrichtung dafiir ausgelegtist, eine Therapie an ein
Atrium des Herzens des Patienten abzugeben,
und/oder wobei die erste implantierbare medizini-
sche Vorrichtung dafiir ausgelegt ist, die Meldung
Uber einen Kommunikationsweg, der einen Kérper
eines Patienten einschlief3t, an die zweite implan-
tierbare medizinische Vorrichtung abzugeben.
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Revendications

Systéme médical, le systéme médical comprenant :
une pluralité de dispositifs médicaux implantables
qui inclut un premier dispositif médical implantable
et un second dispositif médical implantable, dans
lequel le premier dispositif médical implantable est
un stimulateur cardiaque sans fil (LCP) et le second
dispositif médical implantable est un stimulateur car-
diaque sans fil (LCP), dans lequel le premier dispo-
sitif médical implantable est configuré pour fournir
une réponse anti-tachycardie via une ou plusieurs
électrode(s) du premier dispositif médical implanta-
ble et pour communiquer un message au moins au
second dispositif médical implantable avant la four-
niture de la réponse anti-tachycardie.

Systéme médical selon la revendication 1, dans le-
quel le premier dispositif médical implantable est
configuré pour fournir la réponse anti-tachycardie
qui est destinée a un ventricule d’un ceceur.

Systéme médical selon 'une quelconque des reven-
dications 1 et 2, dans lequel le second dispositif mé-
dical implantable est configuré pour administrer une
thérapie pour traiter un coeur, et le message qui est
recgu depuis le premier dispositif médical implantable
modifie la thérapie qui est administrée au moyen du
second dispositif médical implantable.

Systéme médical selon 'une quelconque des reven-
dications 1 a 3, dans lequel le premier dispositif mé-
dical implantable est un stimulateur cardiaque sans
fil (LCP) qui est configuré pour administrer une ré-
ponse anti-tachycardie, et le second dispositif mé-
dical implantable est un stimulateur cardiaque sans
fil (LCP) qui est configuré pour administrer une ré-
ponse anti-tachycardie, dans lequel la réponse anti-
tachycardie qui estadministrée au moyen du second
dispositif médical implantable est affectée, au moins
en partie, par le message communiqué en prove-
nance du premier dispositif médical implantable
et/ou dans lequel le second dispositif médical im-
plantable est configuré pour administrer une répon-
se de stimulation neurale.

Systéme médical selon 'une quelconque des reven-
dications 1 a 4, dans lequel, pour administrer une
thérapie de stimulation anti-tachycardie au moyen
d’au moins I'un de la pluralité de dispositifs médicaux
implantables, les dispositifs médicaux implantables
de la pluralité de dispositifs médicaux implantables
du systeme médical comprennent au moins deux
dispositifs médicaux implantables, dans lequel les
au moins deux dispositifs médicaux implantables in-
cluent des électrodes pour fournir une réponse de
stimulation anti-tachycardie et sont couplés en ter-
mes de communication.
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Systeme médical selon 'une quelconque des reven-
dications 1 a 5, dans lequel le second dispositif mé-
dical implantable est configuré de maniere a ce qu'il
soitinhibé en réponse a la réception du message en
provenance du premier dispositif médical implanta-
ble etde préférence, dans lequel, lorsqu’il estinhibé,
une ou plusieurs électrode(s) du second dispositif
médical implantable est/sont rendue(s) inactive(s).

Systeme médical selon 'une quelconque des reven-
dications 1 a 6, dans lequel le message informe le
second dispositif médical implantable de I'adminis-
tration de la thérapie de stimulation anti-tachycardie
au coeur du patient au moyen du premier dispositif
médical implantable.

Systeme médical selon 'une quelconque des reven-
dications 1 a 7, comprenant en outre un moyen pour
détecter un signal ou plusieurs signaux cardia-
que(s), et un moyen pour déterminer qu’il convient
d’administrer une réponse anti-tachycardie surlaba-
se, au moins en partie, des un ou plusieurs signaux
cardiaques détectés, et/ou dans lequel le premier
dispositif médical implantable est configuré pour dé-
tecter un signal ou plusieurs signaux cardiaque(s)
et pour déterminer qu’il convient d’administrer une
réponse anti-tachycardie sur la base, au moins en
partie, des un ou plusieurs signaux cardiaques dé-
tectés.

Systeme médical selon 'une quelconque des reven-
dications 1 a 8, dans lequel le second dispositif mé-
dical implantable est configuré pour administrer une
thérapie a une oreillette du coeur d’un patient et/ou
dans lequel le premier dispositif médical implantable
est configuré pour communiquer le message au se-
cond dispositif médical implantable via une voie de
communication qui inclut un corps d’un patient.
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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
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1602

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

OF IMPLANTABLE MEDICAL DEVICES INCLUDES A

SUBCUTANECUS IMPLANTABLE CARDIOVERTER-

DEFIBRILLATOR (5iCD)

/

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

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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