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COORDINATION OF VENTRICULAR PACING
IN A LEADLESS PACING SYSTEM
TECHNICAL FIELD
The disclosure relates to cardiac pacing, and more particularly, to cardiac
pacing using a leadless pacing device.

BACKGROUND
An implantable pacemaker may deliver pacing pulses to a patient's heart
and monitor conditions of the patient's heart. In some examples, the implantable

pacemaker comprises a pulse generator and one or more electrical leads. The
pulse generator may, for example, be implanted in a small pocket in the patient's

chest. The electrical leads may be coupled to the pulse generator, which may

contain circuitry that generates pacing pulses and/or senses cardiac electrical
activity. The electrical leads may extend from the pulse generator to a target site
(e.g., an atrium and/or a ventricle) such that electrodes at the distal ends of the

electrical leads are positioned at a target site. The pulse generator may provide
electrical stimulation to the target site and/or monitor cardiac electrical activity at
the target site via the electrodes.

A leadless pacing device has also been proposed for sensing electrical
activity and/or delivering therapeutic electrical signals to the heart. The leadless
pacing device may include one or more electrodes on its outer housing to deliver

therapeutic electrical signals and/or sense intrinsic depolarizations of the heart.
The leadless pacing device may be positioned within or outside of the heart and,
in some examples, may be anchored to a wall of the heart via a fixation

mechanism.

SUMMARY
In general, this disclosure describes techniques for coordinating ventricular

pacing with intrinsic depolarizations in another chamber of the heart in an

implantable medical system that comprises a leadless pacing device (LPD)
implanted on or within a ventricle. In some instances, the leadless pacing device
may be unable to detect the intrinsic depolarizations in the other chamber.

Accordingly, in some instances, the LPD may be unable to independently provide
ventricular pacing that is coordinated with the intrinsic depolarizations of the other
chamber.
However, another implantable medical device (IMD) in the implantable
medical system may be able to sense the intrinsic depolarizations in the other

chamber. The other IMD may deliver an electrical pulse in response to detecting
an intrinsic depolarization in the other chamber. The electrical pulse delivered by

the other IMD may have a higher amplitude than the intrinsic depolarizations of
the other chamber. The LPD may detect the electrical pulse delivered by the

other IMD and, in response to detecting the electrical pulse, deliver a pacing pulse
to the ventricle via at least a first electrode in coordination with the intrinsic

depolarization of the other chamber. In this manner, the LPD may provide
ventricular pacing coordinated with the intrinsic activity of the other chamber in
instances in which the LPD cannot sense the intrinsic activity of the other
chamber.
In one example, an implantable medical system is configured to coordinate

ventricular pacing with intrinsic depolarizations of another chamber. The
implantable medical system comprises a leadless pacing system that comprises a
leadless pacing device, and a sensing extension. The leadless pacing device
comprises a stimulation module configured to generate pacing pulses, a sensing
module, a processing module, a housing configured to be implanted on or within a

ventricle of a heart of a patient, wherein the housing encloses the stimulation
module, the sensing module, and the processing module, and a first electrode

electrically coupled to the sensing module and the stimulation module. The
sensing extension extends from the housing and comprises a body extending
from the housing, and a second electrode carried by the body and electrically
connected to the sensing module and the stimulation module. The sensing
module is configured to sense electrical activity of the ventricle via the first and
second electrodes, and the stimulation module is configured to deliver pacing
pulses to the ventricle via at least the first electrode. The implantable medical
system further comprises another implantable medical device configured to sense
an intrinsic depolarization of the other chamber of the heart of the patient and, in

response to the intrinsic depolarization of the other chamber, deliver an electrical
pulse. The sensing module of the leadless pacing device is configured to detect

the electrical pulse delivered by the other implantable medical device via the first

electrode and the second electrode. In response to the sensing module of the
leadless pacing device detecting the electrical pulse delivered by the other
implantable medical device, the processing module of the leadless pacing device
is configured to control the stimulation module of the leadless pacing device to

generate a pacing pulse for delivery to the ventricle via at least the first electrode
in coordination with the intrinsic depolarization of the other chamber.
In another example, an implantable medical system is configured to provide

atrio-synchronous ventricular pacing. The implantable medical system comprises
a leadless pacing system comprising a first leadless pacing device and a sensing
extension. The first leadless pacing device comprises a first stimulation module
configured to generate pacing pulses, a first sensing module, a first processing
module, a first housing configured to be implanted within a right ventricle of a
heart of a patient, wherein the first housing encloses the first stimulation module,

the first sensing module, and the first processing module, and a first electrode

electrically coupled to the first sensing module and the first stimulation module.
The sensing extension extends from the first housing and comprises a body

extending from the first housing, and a second electrode carried by the body and
electrically connected to the first sensing module and the first stimulation module.
The first sensing module is configured to sense electrical activity of the right

ventricle via the first and second electrodes, and the first stimulation module is
configured to deliver pacing pulses to the right ventricle via at least the first
electrode. The implantable medical system further comprises a second leadless
pacing device comprising a second a stimulation module configured to generate
pacing pulses, a second a sensing module, a second processing module, and a

second housing configured to be implanted within a right atrium of the heart of the
patient, wherein the second housing encloses the second stimulation module, the

second sensing module, and the second processing module, and wherein the
second housing comprises a third electrode and a fourth electrode. The second

sensing module of the second leadless pacing device is configured to detect an

intrinsic depolarization of the atrium via the third electrode and the fourth
electrode. The second stimulation module of the second leadless pacing device is
configured to generate pacing pulses. In response to the second sensing module
detecting the intrinsic depolarization of the atrium, the second processing module
of the second leadless pacing device is configured to control the second
stimulation module of the second leadless pacing device to deliver a pacing pulse
via the third electrode and the fourth electrode during a refractory period of the

right atrium following the intrinsic depolarization of the right atrium. The first

sensing module of the first leadless pacing device is configured to detect, via the
first electrode and the second electrode, the pacing pulse delivered by the second
leadless pacing device and, in response to the first sensing module of the first
leadless pacing device detecting the pacing pulse delivered by the second
leadless pacing device, the first processing module of the first leadless pacing
device is configured to control the first stimulation module of the first leadless
pacing device to generate a pacing pulse for delivery to the right ventricle via at

least the first electrode an atrio-ventricular (AV) delay interval after the first
sensing module detected the pacing pulse delivered by the second leadless
pacing device.
In another example, a method for coordinating ventricular pacing by a

leadless pacing system with intrinsic depolarizations of another chamber is
described. The leadless pacing system comprises a leadless pacing device, and

a sensing extension. The leadless pacing device comprises a stimulation module
configured to generate pacing pulses, a sensing module, a processing module, a
housing configured to be implanted on or within a ventricle of a heart of a patient,

wherein the housing encloses the stimulation module, the sensing module, and
the processing module, and a first electrode electrically coupled to the sensing

module and the stimulation module. The sensing extension extends from the
housing and comprises a body extending from the housing, and a second

electrode carried by the body and electrically connected to the sensing module
and the stimulation module. The sensing module is configured to sense electrical

activity of the ventricle via the first and second electrodes, and the stimulation
module is configured to deliver pacing pulses to the ventricle via at least the first

electrode. The method comprises sensing, by another implantable medical device
an intrinsic depolarization of the other chamber of the heart of the patient and, in

response to the intrinsic depolarization of the other chamber, delivering, by the
other implantable medical device, an electrical pulse. The method further
comprises detecting, by the sensing module of the leadless pacing device, the
electrical pulse delivered by the other implantable medical device via the first
electrode and the second electrode and, in response detecting the electrical pulse
delivered by the other implantable medical device, delivering, by the stimulation
module of the leadless pacing device, a pacing pulse to the ventricle via at least
the first electrode in coordination with the intrinsic depolarization of the other
chamber.
In another aspect, the disclosure is directed to a computer-readable

storage medium comprising computer-readable instructions for execution by a
processor. The instructions cause a programmable processor to perform any
whole or part of the techniques described herein. The instructions may be, for
example, software instructions, such as those used to define a software or
computer program. The computer-readable medium may be a computer-readable
storage medium such as a storage device (e.g., a disk drive, or an optical drive),
memory (e.g., a Flash memory, read only memory (ROM), or random access
memory (RAM)) or any other type of volatile or non-volatile memory that stores
instructions (e.g., in the form of a computer program or other executable) to cause
a programmable processor to perform the techniques described herein. In some
examples, the computer-readable medium is an article of manufacture and is nontransitory.
The details of one or more examples are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will
be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION O F THE DRAWINGS
FIG. 1 is a conceptual illustration of an example medical device system that

includes a leadless pacing system and another implanted medical device.
FIG. 2 illustrates an example leadless pacing device.

FIG. 3 illustrates an example leadless pacing system that comprises a

leadless pacing device and a sensing extension.
FIG. 4 is a schematic cross-sectional view of the sensing extension of FIG.

1.
FIG. 5 is a functional block diagram illustrating an example configuration of

the leadless pacing device of FIG. 1.
FIG. 6 is a functional block diagram illustrating an example configuration of

the leadless pacing system of FIG. 1.
FIG. 7 is a timing diagram illustrating an example technique for coordination

of ventricular pacing by a leadless pacing system.
FIG. 8 is a conceptual illustration of an electrical pulse that may be

generated by another implantable medical device and detected by a leadless
pacing system.
FIG. 9 is a flow diagram of an example technique for coordination of

ventricular pacing by an implanted medical system.

DETAILED DESCRIPTION
Typically, dual-chamber implantable pacemakers are implanted within a
pocket within the patient's chest, and coupled to a right-atrial lead and a rightventricular lead. The right-atrial lead extends from the implantable pacemaker in
the pocket to the right atrium of the patient's heart, and positions one or more
electrodes within the right atrium. The right-ventricular lead extends from the
implantable pacemaker in the pocket to the right ventricle of the patient's heart,
and positions one or more electrodes within the right ventricle.
Such dual-chamber implantable pacemakers sense respective cardiac
electrical activity, e.g., respective cardiac electrograms, via the one or more
electrodes implanted within the right atrium and the one or more electrodes
implanted within the right ventricle. In particular, such dual-chamber implantable
pacemakers detect intrinsic atrial depolarizations via the one or more electrodes
implanted within the right atrium, and intrinsic ventricular depolarizations via the
one or more electrodes implanted within the right ventricle. The implantable
pacemakers may also deliver pacing pulses to the right atrium and the right

ventricle via the one or more electrodes in the right atrium and the right ventricle,
respectively. Due to the ability to sense both atrial and ventricular electrical
activity, such dual-chamber implantable pacemakers may be able to provide atriosynchronous ventricular pacing. For patients with intermittent AV node
conduction, it may be preferable to inhibit ventricular pacing and allow an intrinsic
ventricular depolarization to occur for a time, referred to as the AV interval, after
an intrinsic atrial depolarization or atrial pace. Such atrio-synchronous pacing in

dual-chamber implantable pacemakers is referred to as the VDD programming
mode, and may be used for patients with various degrees of AV block.

Implantable cardiac leads and the pocket in which pacemakers are
implanted may be associated with complications. To avoid such complications,
LPDs sized to be implanted entirely within one chamber, e.g., the right ventricle, of
the heart have been proposed. Some proposed LPDs include a plurality of

electrodes that are affixed to, or are a portion of, the housing of the LPD.
Some proposed LPDs are capable of sensing intrinsic depolarizations of,
and delivering pacing pulses to, the chamber of the heart in which they are

implanted via the plurality of electrodes. However, because they are not coupled
to electrodes in any other chamber, some proposed LPDs are incapable of

sensing intrinsic depolarizations of, and delivering pacing pulses to, another
chamber of the heart. Consequently, when implanted in the right ventricle, for
example, such proposed LPDs may be unable to sense intrinsic atrial
depolarizations of the atria, and may be limited to delivery of ventricular pacing
according to an asynchronous ventricular pacing, e.g., according to mode that
corresponds to a VVI or VVIR mode of a dual-chamber pacemaker.
This disclosure describes techniques for coordinating ventricular pacing
with intrinsic depolarizations in another chamber of the heart in an implantable
medical system that comprises a ventricular LPD that may be unable to detect the
intrinsic depolarizations in the other chamber, and may be unable to
independently provide ventricular pacing that is coordinated with the intrinsic
depolarizations of the other chamber. Another IMD in the implantable medical
system may be able to sense the intrinsic depolarizations in the other chamber.
The other IMD may deliver an electrical pulse in response to detecting an intrinsic

depolarization in the other chamber. The electrical pulse delivered by the other
IMD may have a higher amplitude than the intrinsic depolarizations of the other

chamber. Consequently, the amplitude of the electrical pulse as sensed by the
LPD may be higher than the amplitude of the intrinsic depolarizations of the other

chamber at the LPD, which the LPD may not be able to sense. As an example,
the amplitude of the electrical pulse as sensed by the LPD may be approximately

1.2 millivolts (mV). The LPD may detect the electrical pulse delivered by the other
IMD and, in response to detecting the electrical pulse, deliver a pacing pulse to

the ventricle via at least the first electrode in coordination with the intrinsic

depolarization of the other chamber. In this manner, the LPD may provide
ventricular pacing coordinated with the intrinsic activity of the other chamber in
instances in which the LPD cannot sense the intrinsic activity of the other
chamber.
In some examples, the LPD is part of a leadless pacing system that also

includes a sensing extension extending from a housing of the LPD. The sensing
extension includes one or more electrodes with which the LPD may sense
electrical cardiac activity, and also sense the electrical pulse delivered by the

other IMD. In some examples, the LPD senses the electrical pulses delivered by
the other LPD via one electrode on its housing and another electrode on the

sensing extension. The relatively greater spacing between these electrodes may

increase the ability of the LPD to detect the electrical pulses relative to two more
closely spaced electrodes, e.g., on the LPD housing. The amplitude of the
electrical pulse as sensed by the LPD may be dependent on the relative position
and orientation of the electrodes used by the LPD sense the electrical pulse, and

the electrodes used by the other IMD to deliver the electrical pulse. The relatively

greater electrode spacing and the electrode orientation provided by an LPD
coupled to a sensing extension may result in an increased amplitude of the
electrical pulse as sensed by the LPD, which may make it easier for the LPD to

detect the electrical pulses delivered by the other IMD.
Increased amplitude of the electrical pulse as sensed by the LPD may also
be achieved by increasing the spacing and/or selecting a preferable orientation of

the electrodes used by the other IMD to deliver the electrical pulse. For example,

the other IMD may deliver the electrical pulse using a unipolar electrode vector,
e.g., including a lead-borne electrode and an electrode on the housing of the other
IMD. As another example, if the other IMD is another LPD, the other LPD may be

coupled to a sensing extension, and deliver the electrical pulses via an electrode
vector that includes an electrode on the sensing extension. A user of the medical
device system, or the other IMD automatically, may vary the electrode vector used
by the other IMD to deliver the electrical pulses to optimize the detection of the

electrical pulse by the LPD.
In some examples, the LPD is configured to be implanted within a first

chamber (e.g., a ventricle) of a heart of a patient, and the sensing extension is
configured to position one or more electrodes proximate a second chamber of the
heart. For example, the sensing extension may have a length selected to position

the one or more electrodes of the sensing extension adjacent the right atrium

when the LPD is implanted in or near the apex of the right ventricle. The one or
more electrodes of the sensing extension may be used to sense intrinsic

ventricular electrical activity, as well as detect electrical pulses delivered by
another IMD to indicate intrinsic depolarization of another chamber.
In some examples, the sensing extension includes a self-supporting body

configured to passively (i.e., without any active fixation elements, such as tines or
a fixation helix) position an electrode extension at a location away from the LPD.
The self-supporting body may be flexible enough to reduce irritation to the tissue
of the heart when the body contacts the tissue, but have sufficient rigidity to permit
the sensing extension to extend away from the LPD housing and towards the

second chamber, even in the presence of blood in the first chamber of the heart.
The stiffness of the self-supporting body is selected to help prevent the body from
collapsing in on itself and/or towards the LPD, e.g., in the presence of blood flow.
In addition, the stiffness of the self-supporting body may be selected so that the

body is configured to support its own weight, e.g., in the presence of gravity.
In some examples, the other chamber is an atrium of the heart, and the

LPD provides atrio-synchronous ventricular pacing in response to detecting the

electrical pulse from the other IMD. In some examples, the LPD delivers the
ventricular pacing pulse an atrio-ventricular (AV) delay interval after detecting the

electrical pulse delivered by the other IMD. In this manner, the implantable
medical system may be able to provide pacing according to a VDD or DDD pacing
mode. In some examples, the LPD may provide rate-responsive cardiac pacing,
e.g., by adjusting the AV delay interval based on one or more patient parameters
indicative of demand, such as activity sensed via an accelerometer and/or
respiration. In some examples, the LPD may adjust the AV delay interval based
on changes in an atrial rate indicated by intervals between consecutive electrical

pulses from the other IMD.
In some examples, the other chamber is another ventricle of the heart. In

such examples, the LPD may deliver the pacing pulse to the ventricle a
ventricular-ventricular (W) delay interval after detecting the electrical pulse
delivered by the other IMD that indicates intrinsic depolarization of the other
ventricle. In this manner, the implantable medical system may provide cardiac
resynchronization therapy (CRT), which may include bi-ventricular pacing.
FIG. 1 is a conceptual illustration of an example implantable medical

system 2 that includes a leadless pacing system 10 and another IMD. Leadless
pacing system 10 includes an LPD 12 and sensing extension 14. In the example
of FIG. 1, leadless pacing system 10 is implanted in right ventricle 32 of heart 34
of patient 36. In the illustrated example, the other IMD is another LPD 8 implanted
in the right atrium 38 of heart 34.

Implantable medical system 2 is an example of an implantable medical
system configured to coordinate the delivery of ventricular pacing with intrinsic
depolarizations of another chamber of the heart. Because LPD 8 is configured to
sense intrinsic depolarizations of an atrium, e.g., right atrium 38, implantable
medical system 2 is an example of an implantable medical system configured to
provide atrio-synchronous ventricular pacing. LPD 8 detects intrinsic
depolarizations of atrium 38 and, in response to detecting the intrinsic
depolarization of the atrium, delivers an electrical pulse, which may be a pacing
pulse delivered during a refractory period of atrium 38 following the intrinsic
depolarization of the atrium. LPD 12 is configured to detect, e.g., via electrode 24
on sensing extension 14, the pacing pulse delivered by LPD 8 . In response to

detecting the electrical pulse from the LPD 8 , LPD 12 delivers a pacing pulse to

right ventricle 32 in coordination with the intrinsic depolarization of right atrium 38.
In some examples, LPD 12 delivers the pacing pulse an AV delay interval after

detected the electrical pulse from LPD 8 , and thereby provides atrio-synchronous
ventricular pacing.
In the example shown in FIG. 1, sensing extension 14 is configured to

extend away from LPD 12 and towards right atrium 38 when LPD 12 is implanted
in an apex of right ventricle 32. In some examples, sensing extension 14 may

have a length that permits sensing extension 14 to remain in right ventricle 32 with
LPD 12, as shown in FIG. 1. For example, sensing extension 14 may have a

length of about 60 millimeters (as measured from the proximal end connected to
LPD 12 and a distal end of electrode 24).
In some examples, rather than being affixed to cardiac tissue such that

electrode 24 is in direct contact with heart 34, a distal portion of sensing extension
14 is passive, such that sensing extension 14 may move within right ventricle 32.
In some examples, sensing extension 14 may be self-supporting, such that

sensing extension 14 is nevertheless configured to continue to extend away from
LPD 12 and towards right atrium 38, even in the presence of blood flow from right

atrium 38 to right ventricle 32. Providing some flexibility in sensing extension 14
may enable sensing extension 14 to minimize interference with blood flow in right
ventricle 32 (or another chamber if LPD 12 is implanted in another chamber).
Also shown in FIG. 1 is medical device programmer 40, which is configured
to program, and retrieve data from, LPD 8 and LPD 12. Programmer 40 may be a

handheld computing device, desktop computing device, a networked computing
device, etc. Programmer 40 may include a computer-readable storage medium
having instructions that cause a processor of programmer 40 to provide the
functions attributed to programmer 40 in the present disclosure. LPD 8 and LPD
12 may wirelessly communicate with programmer 40. For example, LPD 8 and

LPD 12 may transfer data to programmer 40 and may receive data from

programmer 40. Programmer 40 may also wirelessly program and/or wirelessly
charge LPD 8 and LPD 12.
Data retrieved from LPD 8 and LPD 12 using programmer 40 may include

cardiac EG Ms stored by the LPDs that indicate electrical activity of heart 34 and

marker channel data that indicates the occurrence and timing of sensing,
diagnosis, and therapy events associated with LPD 8 and LPD 12. Data
transferred to LPD 8 and LPD 12 using programmer 40 may include, for example,
operational programs for the LPDs that cause the LPDs to operate as described
herein. Data transferred to the LPDs may include any programmable parameters

of the LPDs or other IMDs described herein, such as the lengths of any intervals
or delays described herein, the width and/or amplitude of the electrical pulses
delivered by the other IMD, such as LPD 8 , and the electrode vectors used by the
IMDs to deliver and sense electrical pulses indicative of intrinsic depolarization of

another chamber.
Although described herein primarily with respect to the example
implantable medical system 2 of FIG 1, which includes an LPD 12 implanted
within right ventricle 32 and an LPD 8 implanted in right atrium 38, the techniques
for coordinating delivery of ventricular pacing with intrinsic depolarizations of
another chamber of the heart described herein may be implemented in any of a
variety of implantable medical systems including any of a variety of IMDs. In
some implantable medical device systems, LPD 8 may be replaced by any IMD
capable of sensing intrinsic atrial depolarizations and delivering electrical pulses.
For example, some implantable medical device systems may include any single
chamber atrial pacemaker, e.g., capable of operating according to an AAI pacing
mode, such as a leaded atrial pacemaker. The atrial pacemaker may sense an
atrial depolarization, and deliver a pacing pulse immediately or a short interval

after sensing the depolarization, e.g., during the atrial refractory period. LPD 12
may detect the artifact of the pacing pulse from the atrial pacemaker, and deliver a
pacing pulse to right ventricle 32 a delay interval, e.g., an AV delay interval, after

detecting the pacing artifact. In this manner, an implantable medical system
including LPD 12 and the atrial pacemaker may collectively function as a dual

chamber, e.g., VDD or DDD, pacemaker without a right ventricular lead.
In some examples, LPD 12 need not be implanted in right ventricle 32. In

some examples, LPD 12 may be implanted on or within the left ventricle 33, and
the other IMD may be an LPD implanted on or within right ventricle 32, or a leaded

ventricular pacemaker, such as a single-chamber ventricular pacemaker coupled

to a lead that extends to right ventricle 32, or a dual-chamber pacemaker or
implantable cardioverter-defibrillator (ICD) coupled to leads that extend to right
ventricle 32 and right atrium 38. The ventricular pacemaker may sense an
intrinsic depolarization of right ventricle 32, and deliver a pacing pulse immediately
or a short interval after sensing the depolarization, e.g., during the refractory
period of right ventricle 32. LPD 12 may detect the artifact of the pacing pulse
from the ventricular pacemaker, and deliver a pacing pulse to left ventricle 33
upon, or a delay interval after, e.g., a W delay interval after, detecting the pacing
artifact. In this manner, an implantable medical system including LPD 12 and the
right ventricular pacemaker may collectively provide CRT. In some examples,
LPD 12 may be implanted within any chamber of heart 34, and the other IMD may
be any IMD capable of sensing intrinsic depolarizations in another chamber and

delivering electrical pulses, such as any cardiac pacemaker, leaded ICD,
subcutaneous ICD (SICD), implantable loop recorder, or neurostimulator.
FIG. 2 is a conceptual drawing illustrating LPD 8 of FIG. 1. A s shown in
FIG. 2 , LPD 8 includes case 16, cap 13 , electrode 19, electrode 20, fixation

mechanisms 18, and flange 15 defining opening 17. Together, case 16 and cap
13 may be considered the housing of LPD 8 . In this manner, case 16 and cap 13

may enclose and protect the various electrical components within LPD 8 . Case
16 may enclose substantially all of the electrical components, and cap 13 may

seal case 16 and create the hermetically sealed housing of LPD 8 . LPD 8 may
typically include at least two electrodes (e.g., electrodes 19 and 20) to deliver an
electrical signal (e.g., therapy such as antitachycardia pacing (ATP) or other
cardiac pacing, and/or electrical pulses for indicating intrinsic depolarizations)
and/or provide at least one sensing vector for sensing a cardiac electrogram).
Electrodes 19 and 20 are carried on the housing created by case 16 and
cap 13. In this manner, electrodes 19 and 20 may be considered leadless
electrodes. In the example of FIG. 2 , electrode 20 is disposed on the exterior
surface of cap 13 . In some examples, electrode 20 may be a circular electrode
positioned to contact cardiac tissue upon implantation, and may be referred to as
a tip electrode. Electrode 19 may be a ring or cylindrical electrode disposed on

the exterior surface of case 16 . Other configurations of electrodes 19 , 20 may
also be used. Both case 16 and cap 13 may be electrically insulating.
Electrode 20 may be used as a cathode and electrode 19 may be used as
an anode, or vice versa, for cardiac pacing therapy, such as ATP or post-shock

pacing, or delivering electrical pulses to indicate intrinsic depolarizations.

In

addition, electrodes 19 and 20 may be used to detect intrinsic electrical signals
from cardiac muscle, such as intrinsic depolarizations of a cardiac chamber, e.g.,
right atrium 38 (FIG. 1) . In other examples, LPD 8 may include three or more
electrodes, where any two or more of the electrodes may form a vector for
delivery of electrical pulses and detecting intrinsic depolarizations.
Fixation mechanisms 18 may be configured to attach LPD 8 to cardiac
tissue. Fixation mechanisms 18 may be active fixation tines, screws, clamps,
adhesive members, or any other types of attaching a device to tissue. A s shown
in the example of FIG. 2 , fixation mechanisms 18 may be constructed of a memory

material that retains a preformed shape. During implantation, fixation
mechanisms 18 may be flexed forward to pierce tissue and allowed to flex back
towards case 16. In this manner, fixation mechanisms 18 may be embedded
within the target tissue.
Flange 15 may be provided on one end of case 16 to enable tethering or
extraction of LPD 8 . For example, a suture or other device may be inserted
around flange 15 and/or through opening 17 and attached to tissue. In this
manner, flange 15 may provide a secondary attachment structure to tether or
retain LPD 8 within heart 34 if fixation mechanisms 18 fail. Flange 15 and/or
opening 17 may also be used to extract LPD 8 once the LPD needs to be
explanted (or removed) from patient 36 if such action is deemed necessary.
FIG. 3 is a conceptual diagram illustrating example leadless pacing system
10 of FIG. 1, which includes LPD 12 and sensing extension 14. LPD 12 is

configured to be implanted within a chamber of a heart of a patient, e.g., to
monitor electrical activity of the heart and/or provide electrical therapy to the heart.
LPD 12 may be similar to LPD 8 . For example, in the example shown in FIG. 3 ,
LPD 12 includes outer housing 16 , a plurality of fixation tines 18 , and electrode
20, which may be substantially the same as the like numbered components of

LPD 8 in FIG. 2 . However, unlike LPD 8 , LPD 12 does not include electrode 19,
and is coupled to sensing extension 14. Sensing extension 14 includes selfsupporting body 22, electrode 24, and conductor 26.
LPD 12 is configured to sense electrical activity of the heart and deliver
electrical stimulation to the heart via electrodes 20, 24. LPD 12 is also configured
to sense electrical pulses delivered by another IMD, such as LPD 8 , via electrodes
20, 24. LPD 12 comprises electrode 20 and sensing extension 14 comprises

electrode 24. For example, electrode 20 may be mechanically connected to
housing 16. As another example, electrode 20 may be defined by an outer portion
of housing 16 that is electrically conductive. Fixation tines 18 may be configured
to anchor LPD 12 to cardiac tissue such that electrode 20 maintains contact with
the cardiac tissue.
Sensing extension 14 is configured to position electrode 24 proximate a
chamber other than the one in which LPD 12 is implanted. In this way, sensing
extension 24 may extend the sensing capabilities of system 10. In the example
shown in FIG. 3 , electrode 24 is carried by self-supporting body 22 of sensing
extension 14, and is located at a distal end of body 22. In other examples,
however, electrode 24 may have another position relative to body 22, such m id
way between housing 16 and the distal end of body 22, or otherwise away from
the distal end of body 22. Electrode 24 may have any suitable configuration.

For

example, electrode 24 may have a ring-shaped configuration, or a partial-ring
configuration.

Electrode 24 may be formed from any suitable material, such as a

titanium nitride coated metal. In other examples, system 10 may include more
than two electrodes. For example, LPD 12 and/or sensing extension 14 may have
more than one electrode.
In the example shown in FIG. 3 , electrode 24 is electrically connected to at

least some electronics of LPD 12 (e.g, a sensing module and a stimulation
module) via electrical conductor 26 of sensing extension 14 and electrically
conductive portion 16A of housing 16 . Electrical conductor 26 may be electrically
connected to and extends between conductive portion 16A of housing 16 and
electrode 24. Conductive portion 16A is electrically isolated from electrode 20, but
is electrically connected to electrode 24, such that conductive portion 16A and

electrode 24 have the same polarity and are electrically common. For example,
electrode 20 may be carried by second portion 16B of housing 16, which is
electrically isolated from conductive portion 16A. Conductive portion 16A of
housing 16 is electrically connected to at least some electronics of LPD 12 (e.g., a
sensing module, an electrical stimulation module, or both), such that conductive
portion 16A defines part of an electrically conductive pathway from electrode 24 to
the electronics. In some examples, conductive portion 16A may define at least a
part of a power source case of LPD 12. The power source case may house a
power source (e.g., a battery) of LPD 12.
In some examples, conductive portion 16A is substantially completely

electrically insulated (e.g., completely electrically insulated or nearly completely
electrically insulated. Substantially completely electrically insulating conductive
portion 16A may help a sensing module of LPD 12 sense electrical pulses
delivered by another IMD with electrode 24 of sensing extension 14. In other
examples, however, at least a part of conductive portion 16A may be exposed to
define one or more electrodes, which have the same polarity as electrode 24.
As shown in FIG. 4 , which is a schematic cross-sectional view of sensing
extension 14 and a part of that conductive portion 16A of housing 16, in some
examples, conductor 26 may be coiled around conductive portion 16Ato establish
an electrical connection between conductor 26 and conductive portion 16A. In

other examples, however, an electrical connection between conductor 26 and
conductive portion 16A may be established using another configuration.

For

example, conductor 26 may not be coiled within sensing extension 14 and may be
crimped or otherwise placed in contact with conductive portion 16A near proximal
end 14A of sensing extension 14.
FIG. 4 also illustrates an example electrical connection between electrode

24 and conductor 26. In particular, FIG. 2 illustrates an example in which a distal
portion of conductor 26 is crimped to a proximal portion of electrode 24, the
proximal portion including proximal end 24A. In other examples, electrode 24 and
conductor 26 may be electrically connected using another configuration.
In the example shown in FIGS. 3 and 4 , self-supporting body 22 of sensing

extension 14 extends between housing 16 and electrode 24. Self-supporting

body 22 may have a stiffness that permits body 22 to substantially maintain (e.g.,
completely maintain or nearly maintain) its position relative to LPD 12, or at least
the position of electrode 24 relative to LPD 12, even in the presence of gravity and
in the presence of blood flow in the heart. Self-supporting body 22 is configured

to passively position electrode 24 at a location away from LPD 12, e.g., proximate
or within a chamber of the heart other than the one in which LPD 12 is implanted.
For example, self-supporting body 22 may have sufficient rigidity to permit sensing
extension 14 to extend away from housing 16, even as the sensing extension
moves within blood in the chamber of the heart. In addition, self-supporting body
22 may be flexible enough to minimize irritation to the tissue of the heart, should
body 22 contact the tissue.
In the example shown in FIGS. 3 and 4 , electrical conductor 26 is covered

by an electrically insulative material, such as a polymer (e.g., polyurethane) or
silicone. For example, conductor 26 may be housed within a polyurethane or
silicone sleeve 28, as shown in FIGS. 3 and 4 . In some cases, coiled conductor
26 may not provide sufficient stiffness to sensing extension 14 to enable selfsupporting body 22 to substantially maintain its position relative to LPD 12 in the
presence of blood flow in the heart. Thus, in some examples, sensing extension
14 may also include a stiffness member 30, which has a higher stiffness than

coiled conductor 26 (when coiled). In the example shown in FIGS. 3 and 4 , selfsupporting body 22 of sensing extension 14 is defined by conductor 26, sleeve 28,
and stiffness member 30.
FIG. 5 is a functional block diagram illustrating an example configuration of

LPD 8 . LPD 8 includes a processing module 60, memory 62, signal generation
module 64, electrical sensing module 66, communication module 68, sensor 70,
and power source 72. Power source 72 may include a battery, e.g., a
rechargeable or non-rechargeable battery.
Modules included in LPD 8 represent functionality that may be included in
LPD 8 of the present disclosure. Modules of the present disclosure may include
any discrete and/or integrated electronic circuit components that implement
analog and/or digital circuits capable of producing the functions attributed to the
modules herein. For example, the modules may include analog circuits, e.g.,

amplification circuits, filtering circuits, and/or other signal conditioning circuits.
The modules may also include digital circuits, e.g., combinational or sequential
logic circuits, memory devices, and the like. The functions attributed to the
modules herein may be embodied as one or more processors, hardware,
firmware, software, or any combination thereof. Depiction of different features as
modules is intended to highlight different functional aspects, and does not
necessarily imply that such modules must be realized by separate hardware or
software components. Rather, functionality associated with one or more modules
may be performed by separate hardware or software components, or integrated
within common or separate hardware or software components.
Processing module 60 may include any one or more of a microprocessor, a
controller, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field-programmable gate array (FPGA), or equivalent discrete or
integrated logic circuitry. In some examples, processor 80 may include multiple
components, such as any combination of one or more microprocessors, one or
more controllers, one or more DSPs, one or more ASICs, or one or more FPGAs,
as well as other discrete or integrated logic circuitry.

Processing module 60 may communicate with memory 62. Memory 62
may include computer-readable instructions that, when executed by processing
module 60, cause processing module 60 to perform the various functions
attributed to processing module 60 herein. Memory 62 may include any volatile,
non-volatile, magnetic, or electrical media, such as a random access memory
(RAM), read-only memory (ROM), non-volatile RAM (NVRAM), electrically-

erasable programmable ROM (EEPROM), Flash memory, or any other memory
device. Furthermore, memory 62 may include instructions that, when executed by
one or more processors, cause the modules to perform various functions

attributed to the modules herein. For example, memory 62 may include pacing
instructions and values for any intervals, delays pulse amplitudes, pulse widths, or
the like described herein. The pacing instructions and values may be updated by

programmer 40 (FIG. 1) .
Signal generation module 64 and electrical sensing module 66 are

electrically coupled to electrodes 19, 20. Processing module 60 is configured to

control signal generation module 64 to generate and deliver electrical pulses, or

other signals, via electrodes 19, 20. The electrical pulses may include electrical
pulses to signal intrinsic depolarizations of a chamber of heart 34, e.g., right
atrium 38, and pacing pulses to stimulate the chamber, e.g., the right atrium.
In addition, processing module 60 is configured to control electrical sensing

module 66 monitor signals from electrodes 19, 20 in order to monitor electrical
activity of heart 34, e.g., right atrium 38. Electrical sensing module 66 may
include circuits that acquire electrical signals. Electrical signals acquired by
electrical sensing module 66 may include intrinsic cardiac electrical activity, such
as intrinsic atrial depolarizations and/or intrinsic ventricular depolarizations.

Electrical sensing module 66 may filter, amplify, and digitize the acquired electrical

signals to generate raw digital data. Processing module 60 may receive the
digitized data generated by electrical sensing module 66. In some examples,
processing module 60 may perform various digital signal processing operations on
the raw data, such as digital filtering. Processing module 60 may sense cardiac

events based on data or signals received from electrical sensing module 66. For
example, in examples in which LPD 8 is implanted in right atrium 8 , processing
module 60 may sense intrinsic atrial depolarizations, e.g., P-waves, based on data
or signals received from electrical sensing module 66.
In some examples, in addition to electrical sensing module 66, LPD 8

includes sensor 70, which may comprise at least one of a variety of different
sensors. For example, sensor 70 may comprise at least one of a pressure sensor
and an accelerometer. Sensor 70 may generate signals that indicate at least one

of parameter of patient 12, such as, but not limited to, at least one of: an activity
level of patient 36, a hemodynamic pressure, and heart sounds.

Communication module 68 may include any suitable hardware (e.g., an
antenna), firmware, software, or any combination thereof for communicating with
another device, such as programmer 40 (FIG. 3) or a patient monitor. Under the
control of processing module 60, communication module 68 may receive downlink

telemetry from and send uplink telemetry to other devices, such as programmer
40 or a patient monitor, with the aid of an antenna included in communication

module 68.

FIG. 6 is a functional block diagram illustrating an example configuration of

leadless pacing system 10 (FIG. 1) including LPD 12 and sensing extension 14.
LPD 12 includes a processing module 80, memory 82, signal generation module
64, electrical sensing module 86, communication module 68, sensor 70, and

power source 72. Signal generation module 64, communication module 68,
sensor 70, and power source 72 of LPD 12 are substantially similar to the like
numbered modules described above with respect to LPD 8 and FIG. 5 .
Furthermore, processing module 80, memory 82, and electrical sensing module
86 of LPD 12 may be substantially similar to and provide any of the functionality

described above with respect to processing module 60, memory 62, and electrical
sensing module 66 of LPD 8 , described with respect to FIG. 5 .
Signal generation module 64 and electrical sensing module 86 are
electrically coupled to electrodes 20, 24. Processing module 80 is configured to
control signal generation module 64 to generate and deliver electrical pulses, or
other signals, via electrodes 20, 24. The electrical pulses may include pacing
pulses to stimulate the chamber in which LPD 12 and sensing extension 14 are
implanted, e.g., right ventricle 32.
Processing module 80 is also configured to control electrical sensing
module 86 monitor signals from electrodes 20, 24 in order to monitor electrical
activity of heart 34, e.g., to detect intrinsic depolarizations of right ventricle 32,
such as by detecting R-waves. In addition, processing module 80 is configured to
control electrical sensing module 86 to monitor signals from electrodes 20, 24 in
order to detect electrical pulses delivered by another IMD, e.g., LPD 8 , to
indicated an intrinsic depolarizations of another chamber of heart 34, e.g., right
atrium 38. In response to detecting the electrical pulse delivered by the other
IMD, processing module 80 is configured to control stimulation module 64 to
deliver a pacing pulse to the chamber in which LPD 12 is implanted, e.g., right
ventricle 32. Processing module 80 may be configured to control signal
generation module 64 to deliver the pacing pulse a predetermined interval, e.g.,
an AV interval, after detecting the pulse delivered by the other IMD. In this

manner, in some examples, processing module 80 may be configured to control
LPD 12 to provide atrio-synchronous ventricular pacing.

FIG. 7 is a timing diagram illustrating an example technique for coordination

of ventricular pacing by an implanted medial system, such as implanted medical
system 2 that includes LPD 8 and LPD 12. A s illustrated in FIG. 7 , LPD 12, e.g.,
processing module 80 of LPD 12, may detect a ventricular depolarization 90.
Processing module 80 may detect an intrinsic ventricular depolarization, e.g., Rwave, based on an indication that electrical sensing module 86 detected the
depolarization via electrodes 20, 24, or may detect a paced ventricular
depolarization based on an indication that signal generation module 64 delivered
a pacing pulse to right ventricle 32 via electrodes 20, 24.
In response to detecting ventricular depolarization 90, processing module

80 may configure sensing module 86 to detect an electrical pulse delivered by

another IMD, e.g., LPD 8 , during a pulse detection window 94 that begins a
predetermined pulse detection delay interval 92 after detection of detecting
ventricular depolarization 90. Both pulse detection delay interval 92 and pulse
detection window 94 may have predetermined lengths or durations. For example,
the predetermined duration of pulse detection delay interval 92 may be
approximately 400 milliseconds, and the predetermined duration of pulse
detection window 94 may be 800 milliseconds or can be determined from the
programmed lower pacing rate (LPR) of the LPD, e.g., as being equal to
60000/LPR - pulse detection delay interval 92.
During pulse detection window 94, electrical sensing module 86 is
configured by processing module 80 to detect electrical pulses delivered by
another IMD, e.g., LPD 8 . For example, processing module 80 may adjust a
sensitivity of electrical sensing module 86 for detection of electrical pulses
delivered by another IMD during pulse detection window 94. By configuring
electrical sensing module 86 to detect electrical pulses delivered by another IMD
only during a pulse detection window 94 that begins a pulse detection delay
interval 92 after detection of a ventricular depolarization, LPD 12 may reduce the
current drain consumed by electrical sensing module 86 relative to configuring
electrical sensing module 86 to detect electrical pulses delivered by another IMD
at any time.

As illustrated by FIG. 7 , LPD 8 , e.g., electrical sensing module 66 of LPD 8 ,
detects an intrinsic atrial depolarization 96. In response to the detection of
intrinsic atrial depolarization 96, processing module 60 of LPD 8 controls signal
generation module 64 to deliver an electrical pulse 100, e.g., a pacing pulse within
the atrial refractory period. In some examples, processing module 60 controls
signal generation module 64 to deliver electrical pulse 100 a predetermined
interval 98 after detection of intrinsic atrial depolarization 96. In other examples,
processing module 60 controls signal generation module 64 to deliver electrical
pulse 100 closer in time to the detection of intrinsic atrial depolarization 96, e.g.,
immediately after the detection of intrinsic atrial depolarization 96.
A illustrated by FIG. 7 , LPD 12, e.g., electrical sensing module 86 of LPD
12, detects electrical pulse 100 delivered by LPD 8 via electrodes 20, 24 at

electrical pulse detection 102. In response to electrical pulse detection 102,
processing module 80 of LPD 12 controls signal generation module 64 to deliver
pacing pulse 106 to right ventricle 32 via electrodes 20, 24. Processing module
80 may control signal generation module 64 to deliver pacing pulse 106 a

predetermined delay interval 104 after detection of electrical pulse 102.
Depending on whether LPD 8 and LPD 12 implement one or both of delay
interval 98 and delay interval 104, delay intervals 98 and 104 may individually or
collectively provide a desired delay between intrinsic depolarization of the other
chamber and delivery of the pacing pulse to the ventricle. For example, where the
other chamber is an atrium, delay intervals 98 and 104 may individually or
collectively provide a desired AV delay interval. As another example, where the
other chamber is a ventricle, delay intervals 98 and 104 may individually or
collectively provide a desired W delay interval.
In some examples, one or both of LPD 8 and LPD 12 may be configured to

provide rate-responsive pacing by adjusting delay interval 98 or delay interval 104,
respectively. To provide rate-responsive pacing, processing module 60 and/or
processing module 80 may be configured to adjust delay interval 98 and/or delay
interval 104, respectively, based on the output of sensor 70 and/or a determination
of the current atrial rate. For example, sensor 70 may be an accelerometer that
provides an indication of patient activity level, and thus demand. The processing

modules may determine the current atrial rate based on a one or more previous AA intervals, e.g., a mean or median of a number of previous A-A intervals.
FIG. 8 is a conceptual illustration of pulse 102 that may be detected by a

leadless pacing system, such as leadless pacing system 10 that includes LPD 12
and sensing extension 14. As described herein, electrical sensing module 86 of
LPD 12 may be configured to detect pulse 102 via electrodes 20, 24. In some
examples, the other IMD, e.g., LPD 8 may be configured to deliver pulse 100 such
that pulse 102 as detected by LPD 12 may have certain features that allow LPD
12, e.g., electrical sensing module 86 and/or processing module 80, to recognize

pulse 102 as a pulse delivered by another IMD to indicate an intrinsic
depolarization of another chamber. For example, LPD 8 may configure pulse 100
such that pulse 102 detected by LPD 12 has a predetermined amplitude 110
and/or a predetermined duration, e.g., pulse width, 112, which will cause LPD 12
to recognize pulse 112 as being delivered by another IMD to indicate intrinsic
depolarization of another chamber of the heart. In some examples, LPD 8 may
automatically, or as programmed by a user via programmer 40, vary pulse width
112 of pulse 102 to identify a pulse width at which LPD 12 detects pulse 102.
FIG. 9 is a flow diagram of an example technique for coordination of

ventricular pacing by an implanted medical system, such as implanted medical
system 2 including LPD 8 and LPD 12. Although described with respect to
implanted medical system 2 , the example technique of FIG. 9 may be
implemented in any implanted medical system, such as implanted medical
systems configured to provide atrio-synchronous ventricular pacing in which LPD
8 is replaced by any IMD capable of sensing intrinsic atrial depolarizations and
delivering electrical pulses, and implanted medical systems including two
ventricular devices that provide CRT.
According to the example of FIG. 9 , LPD 12, e.g., processing module 80,
detects an intrinsic or paced ventricular depolarization 90 (120). Processing
module 80 then waits a pulse detection delay interval 92 (122), and configures
electrical sensing module 86 to detect electrical pulses delivered by another IMD
within a pulse detection window 94 (124). Pulse detection delay interval 92 may,

for example, extend approximately 400 milliseconds after detection of ventricular
depolarization 90.
LPD 8 , e.g., electrical sensing module 66, detects an intrinsic atrial

depolarization 96 (126). In response to detecting the intrinsic atrial depolarization,
LPD 8 , e.g., processing module 60, controls signal generation module 64 to

deliver an electrical pulse 100 (130). In some examples, processing module 60
controls the delivery of the electrical pulse a delay interval 98, e.g., AV delay
interval, after the detection of the intrinsic atrial depolarization (128). In some
examples, electrical pulse 100 is a pacing pulse delivered during a refractory
period of the atrium.
During pulse detection window 94, LPD 12, e.g. processing module 80 of

LPD 12, determines whether an electrical pulse 102 has been detected

( 1 32).

When processing module 80 determines that an electrical pulse 102 has been
detected (YES of 132), processing module 80 controls pulse generation module
64 to deliver a ventricular pacing pulse 106 (136). In some examples, processing

module 80 controls the delivery of pacing pulse 106 a delay interval 104, e.g., an
AV delay interval, after detection of the electrical pulse 102 (134).
The techniques described in this disclosure, including those attributed to
LPD 8 , LPD 12, programmer 40, or various constituent components, may be

implemented, at least in part, in hardware, software, firmware or any combination
thereof. For example, various aspects of the techniques may be implemented
within one or more processors, including one or more microprocessors, DSPs,
ASICs, FPGAs, or any other equivalent integrated or discrete logic circuitry, as
well as any combinations of such components, embodied in programmers, such
as physician or patient programmers, or other devices. The term "processor" or

"processing circuitry" may generally refer to any of the foregoing logic circuitry,
alone or in combination with other logic circuitry, or any other equivalent circuitry.
Such hardware, software, firmware may be implemented within the same

device or within separate devices to support the various operations and functions
described in this disclosure. In addition, any of the described units, modules or
components may be implemented together or separately as discrete but
interoperable logic devices. Depiction of different features as modules or units is

intended to highlight different functional aspects and does not necessarily imply
that such modules or units must be realized by separate hardware or software
components. Rather, functionality associated with one or more modules or units
may be performed by separate hardware or software components, or integrated
within common or separate hardware or software components.
When implemented in software, the functionality ascribed to the systems,
devices and techniques described in this disclosure may be embodied as
instructions on a computer-readable medium such as RAM, ROM, NVRAM,
EEPROM, FLASH memory, magnetic data storage media, optical data storage
media, or the like. The instructions may be executed to support one or more

aspects of the functionality described in this disclosure.
Various examples have been described. These and other examples are
within the scope of the following claims.

WHAT IS CLAIMED IS:

1.

An implantable medical system configured to coordinate ventricular pacing

with intrinsic depolarizations of another chamber of a heart of a patient, the
system comprising:
a leadless pacing system comprising:
a leadless pacing device comprising:
a stimulation module configured to generate pacing pulses;
a sensing module;
a processing module;
a housing configured to be implanted on or within a ventricle of the
heart, wherein the housing encloses the stimulation module, the sensing module,

and the processing module; and

a first electrode electrically coupled to the sensing module and the
stimulation module; and
a sensing extension extending from the housing and comprising:
a body extending from the housing; and
a second electrode carried by the body and electrically connected to the
sensing module and the stimulation module,
wherein the sensing module is configured to sense electrical activity of the
ventricle via the first and second electrodes, and the stimulation module is
configured to deliver pacing pulses to the ventricle via at least the first electrode;
and

another implantable medical device configured to:
sense an intrinsic depolarization of the other chamber of the heart of the
patient, and
in response to the intrinsic depolarization of the other chamber, deliver an

electrical pulse,
wherein the sensing module of the leadless pacing device is configured to
detect the electrical pulse delivered by the other implantable medical device via
the first electrode and the second electrode,

wherein, in response to the sensing module of the leadless pacing device
detecting the electrical pulse delivered by the other implantable medical device,
the processing module of the leadless pacing device is configured to control the

stimulation module of the leadless pacing device to generate a pacing pulse for
delivery to the ventricle via at least the first electrode in coordination with the
intrinsic depolarization of the other chamber.

2.

The implantable medical system of claim 1, wherein the processing module

is configured to control the stimulation module of the leadless pacing device to

generate the pacing pulse for delivery to the ventricle a delay interval after the
sensing module of the leadless pacing device detects the electrical pulse

delivered by the other implantable medical device.

3.

The implantable medical system of claim 2 , wherein the other chamber is

an atrium, and the delay interval is an atrio-ventricular (AV) delay interval.

4.

The implantable medical system of any one of claims 1-3, wherein the

leadless pacing device comprises a first leadless pacing device, the stimulation
module comprises a first stimulation module, the sensing module comprises a first

sensing module, the processing module comprises a first processing module, and
the housing comprises a first housing, and wherein the other implantable medical

device comprises a second leadless pacing device comprising:
a second stimulation module configured to generate pacing pulses;
a second sensing module;
a second processing module;
a second housing configured to be implanted within the atrium, wherein the
second housing encloses the second stimulation module, the second sensing
module, and the second processing module, and wherein the second housing

comprises a third electrode and a fourth electrode, and
wherein the second sensing module is configured to detect the intrinsic
depolarization of the atrium via the third electrode and the fourth electrode,

wherein, in response to the second sensing module detecting the intrinsic
depolarization of the atrium, the second processing module is configured to
control the second stimulation module to deliver the electrical pulse via the third
electrode and the fourth electrode, and
wherein the electrical pulse comprises a pacing pulse delivered during a
refractory period of the atrium.

5.

The implantable medical system of any one of claims 1-4, wherein the

ventricle is a first ventricle, the other chamber is a second ventricle, and the
interval comprises a ventricular-ventricular (VV) delay interval.

6.

The implantable medical system of any one of claims 1-5, wherein the

other implantable medical device is configured to deliver the electrical pulse an
interval after sensing the intrinsic depolarization of other chamber of the heart.

7.

The implantable medical system of any one of claims 1-6, wherein the

processing module of the leadless pacing device is configured to:
detect activation of the ventricle, and
configure the sensing module to detect the electrical pulse during a pulse
detection window that begins a predetermined pulse detection delay interval after
activation of the ventricle.

8.

The implantable medical system of claim 7 , wherein the processing module

is configured to adjust a sensitivity of the sensing module for detection of the

electrical pulse during the pulse detection window.

9.

The implantable medical system of any one of claims 1-8, wherein the

other implantable medical device is configured to deliver the electrical pulse
having a predetermined duration to indicate the depolarization of the other

chamber to the leadless pacing device, and the processing module of the leadless
pacing device is configured to control the stimulation module of the leadless

pacing device to generate the pacing pulse for delivery to the ventricle in response
to detecting the electrical pulse having the predetermined duration.

10 .

The implantable medical system of any one of claims 1-9, wherein the body

of the sensing extension is self-supporting and, when the leadless pacemaker
device is implanted proximate an apex of a right ventricle of the heart, configured
to extend towards a right atrium of the heart while remaining in the right ventricle

of the heart.

11.

The system of claim 10, wherein the self-supporting body is devoid of any

fixation elements.
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