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COMBINATION HEART ASSIST SYSTEMS,
METHODS, AND DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. application
Ser. No. 13/078,666, filed on Apr. 1, 2011 and entitled Com-
bination Heart Assist Systems, Methods, and Devices, which
claims priority to U.S. Provisional Patent Application No.
61/320,549, filed on Apr. 2, 2010, both of which are incorpo-
rated herein by reference in their entireties.

FIELD OF THE INVENTION

[0002] The various embodiments disclosed herein relate to
methods and devices for controlling the operation of a
mechanical heart assist device or controlling the operation of
both a mechanical heart device and an electrical therapy
device.

BACKGROUND OF THE INVENTION

[0003] Heart failure is a degenerative disease that leads to
decreased cardiac output that is highly symptomatic, with
significant quality of life issues for the patient. Treatment
beyond drugs includes cardiac resynchronization therapy
(CRT), cardiac assist therapy such as LVAD (left ventricular
assist device), and ultimately heart transplant. Resynchroni-
zation control of the left and right ventricles of the heart
provided by CRT therapy in heart failure patients has proven
benefits, including safety, improvements in quality of life,
and reductions in hospitalization and NYHA Class heart fail-
ure levels. However, CRT therapy is only applicable to a
subset of heart failure patients and a large percentage of heart
failure patients who initially appear to be suitable for treat-
ment with CRT therapy are “non-responders” to the demon-
strated benefits. Less than 30% of heart failure patients are
considered for CRT treatment and non-responders are
reported to be 25% to 45% of patients treated.

[0004] A number of mechanical cardiac assist devices are
used to treat heart failure patients. Such devices include both
pulsatile devices that operate in timed synchrony with the
heart and non-pulsatile devices that run without any such
synchronization. For example, counter-pulsation heart assist
devices such as those disclosed in the Applicants’ U.S. Pat.
No. 6,808,484, issued Oct. 26, 2004 and entitled “Heart
Assist Devices, Systems and Methods,” which is hereby
incorporated herein by reference in its entirety, are configured
to compress the aorta in synchrony with the diastolic period,
the beginning of which is marked by closure of the aortic
valve to reduce the interior volume of the aorta during dias-
tole. This compression increases systemic blood pressure,
increases blood flow through the coronary arteries and
increases diastolic output against the closed aortic valve.
Release of the compression timed to the r wave and beginning
of systole provides left ventricular unloading and improved
native contractility of the heart muscle.

[0005] Other pulsatile heart assist devices include co-pul-
sation devices, which are configured to compress the heart in
synchrony with the contraction of the ventricles or filling of
the aorta. One example of a co-pulsation device is a right
ventricular co-pulsation assist device, such as the devices
described in U.S. Pat. No. 4,690,134 or U.S. Pat. No. 5,169,
381. Co-pulsation devices are triggered in synchrony with the
ventricular depolarization to assist the cardiac output. Co-
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pulsation assist devices have been described for both the left
and right ventricles and reduced to practice in animal studies
such as “Copulsation Balloon for Right Ventricular Assis-
tance: Preliminary Trials;” Circulation, 99:2815-2818
(1999). As in counter-pulsation, the timing with the native
rhythm must be precise for maximum effectiveness.

[0006] There is a need in the art for improved methods,
devices, and systems for controlling the operation of a pulsa-
tile heart assist device or controlling the operation of both a
pulsatile heart device and an electrical therapy device (such
as, for example, a CRT pacemaker) for various types of car-
diac therapies.

BRIEF SUMMARY OF THE INVENTION

[0007] Discussed herein are various cardiac therapy con-
figurations for providing cardiac assistance, including vari-
ous systems, methods, and devices having both an electrical
therapy device and a mechanical heart assist device.

[0008] In Example 1, a heart assist system comprises a
mechanical heart assist device, a controller operably coupled
to the mechanical heart assist device, and an electrical therapy
device operably coupled to the controller. The controller is
configured to transmit an actuating signal to the mechanical
heart assist device. The electrical therapy device has at least
one sensor operably coupled to the electrical therapy device
and at least one pacing component operably coupled to the
electrical therapy device. The at least one sensor is configured
to detect a heart characteristic and transmit a signal relating to
the heart characteristic to the electrical therapy device. The at
least one pacing component is configured to pace the heart.
[0009] Example 2 relates to the system according to
Example 1, wherein the sensor is a sensing lead, wherein the
sensing lead is configured to be positionable in or adjacent to
the heart.

[0010] Example 3 relates to the system according to
Example 1, wherein the sensor is physically integral with the
electrical therapy device.

[0011] Example 4 relates to the system according to any of
Examples 1-3, wherein pacing component is a pacing lead,
wherein the pacing lead is configured to be positionable in or
adjacent to the heart.

[0012] Example 5 relates to the system according to any of
Examples 1-3, wherein the pacing component is physically
integral with the electrical therapy device.

[0013] Example 6 relates to the system according to any of
Examples 1-5, wherein the controller is physically integral
with the electrical therapy device.

[0014] Example 7 relates to the system according to any of
Examples 1-5, wherein the controller is physically integral
with the mechanical heart assist device.

[0015] Example 8 relates to the system according to any of
Examples 1-7, wherein the mechanical heart assist deviceis a
pulsatile device.

[0016] Example 9 relates to the system according to any of
Examples 1-8, wherein the electrical therapy device is an
implantable cardiac resynchronization therapy and defibril-
lation device (“CRT-D”).

[0017] Example 10relates to the system according to any of
Bxamples 1-8, wherein the electrical therapy device is an
implantable cardioverter-defibrillator device (“ICD”).

[0018] Example 11 relates to the system according to any of
Examples 1-10, wherein the sensor is an electrical sensing
lead configured to sense a loss or reduction of ventricular
contraction and transmit information to the electrical therapy
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device, wherein the electrical therapy device is configured to
transmit an actuating signal to the controller, wherein the
controller is configured to transmit an actuating signal to the
mechanical heart device to operate to provide circulatory
support until the heart is defibrillated or normal cardiac
rhythm is restored.

[0019] Example 12 relates to the system according to any of
Examples 1-10, wherein the sensor is an electrical sensing
lead configured to sense a loss or reduction of ventricular
contraction and transmit information to the electrical therapy
device, wherein the electrical therapy device is configured to
transmit an actuating signal to the controller, wherein the
controller is configured to transmit an actuating signal to the
mechanical heart device to operate to provide circulatory
support until the electrical therapy device defibrillates the
heart.

[0020] Example 13 relates to the system according to any of
Examples 1-10, wherein the electrical therapy device is con-
figured to actuate the at least one pacing component to elec-
trically stimulate a ventricle of the heart in synchronization
with the controller being configured to actuate the mechanical
heart assist device.

[0021] Example 14 relates to the system according to any of
Examples 1-13, wherein the sensor is chosen from a group
consisting of an electrical sensor; an ECG sensor; heart vibra-
tion sensor, a heart acoustics sensor, a flow sensor, a pressure
sensor, an impedance sensor, a wall stress sensor, and an
optical reflectance sensor, wherein the sensor is positionable
within or adjacent to the heart or a great vessel of the heart.

[0022] Example 15 relates to the system according to any of
Examples 1-13, wherein the sensor is an acoustic sensor,
wherein the acoustic sensor is an aortic valve acoustic sensor
configured to detect sounds of an aortic valve in the heart.

[0023] InExample16,amethod of controlling a heart assist
device comprises detecting a characteristic of a heart with a
sensor, transmitting about a signal relating to the heart char-
acteristic to an electrical therapy device via the sensor, and
actuating the electrical therapy device to transmit a pacing
signal to a pacing component based at least in part on the heart
characteristic signal. The method also includes transmitting
characteristic signal to a controller and actuating a mechani-
cal heart assist device with an actuating signal from the con-
troller, wherein the transmitting the signal to the controller is
based at least in part on the heart characteristic signal and
wherein the actuating is based at least in part on the signal to
the controller.

[0024] Example 17 relates to the method according to
Example 16, wherein the transmitting the signal to the con-
troller further comprises transmitting the signal to the con-
troller via a connecting lead coupled to the electrical therapy
device and the controller.

[0025] Example 18 relates to the method according to
Fxamples 16 or 17, wherein the sensor is a sensing lead.

[0026] Example 19 relates to the method according to any
of Example 16-18, wherein the pacing component is a pacing
lead.

[0027] Example 20 relates to the method according to any
of Examples 16-19, wherein the controller is physically inte-
gral with the electrical therapy device.

[0028] Example 21 relates to the method according to any
of Examples 16-19, wherein the controller is physically inte-
gral with the mechanical heart assist device.
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[0029] Example 22 relates to the method according to any
of Examples 16-21, wherein the mechanical heart assist
device is a pulsatile device.

[0030] Example 23 relates to the method according to any
of Examples 16-22, further comprising actuating both the
mechanical heart assist device and the electrical therapy
device to operate synchronously to assist the heart based on
the information about the heart characteristic.

[0031] Example 24 relates to the method according to any
of Examples 16-23, wherein the heart characteristic com-
prises a loss or reduction of ventricular contraction, wherein
the actuating the electrical therapy device further comprises
actuating the electrical therapy device to transmit a defibril-
lation discharge to the heart viaa ventricular lead based on the
information about the heart characteristic, and wherein the
actuating the mechanical heart assist device further com-
prises actuating the mechanical heart assist device to provide
circulatory support until the heart is defibrillated or normal
cardiac rhythm is restored.

[0032] Example 25 relates to the method according to any
of Examples 16-23, wherein the heart characteristic com-
prises a loss or reduction of ventricular contraction, wherein
the actuating the electrical therapy device further comprises
actuating the electrical therapy device to transmit a defibril-
lation discharge to the heart viaa ventricular lead based on the
information about the heart characteristic, and wherein the
actuating the mechanical heart assist device further com-
prises actuating the mechanical heart assist device to provide
circulatory support until the electrical therapy device trans-
mits the defibrillation charge to the heart.

[0033] Example 26 relates to the method according to any
of Examples 16-25, wherein the electrical therapy device is an
ICD.

[0034] Example 27 relates to the method according to any
of Examples 16-25, wherein the electrical therapy device is a
CRT-D.

[0035] Example 28 relates to the method according to any
of Examples 16-22, 26, or 27, wherein the actuating the
electrical therapy device and the actuating the mechanical
heart assist device further comprises synchronously actuating
the mechanical heart assist device to operate the aortic com-
pression structure to compress the ascending aorta while
actuating the electrical therapy device to transmit the pacing
signal to the heart via the pacing component, whereby the
mechanical heart assist device and the electrical therapy
device operate in conjunction to assist the heart.

[0036] Example 29 relates to the method according to any
of Examples 16-28, wherein the heart characteristic is chosen
from the group consisting of heart vibrations, heart sounds,
flow, pressure, impedance, wall stress, and optical reflec-
tance.

[0037] In Example 30, a method of assisting and strength-
ening a heart comprises detecting a characteristic of a heart
with a sensing lead, transmitting information about the heart
characteristic to an electrical cardiac therapy device via the
sensing lead. and actuating the electrical cardiac therapy
device based at least in part on the information about the heart
characteristic. The method further includes transmitting the
information about the heart characteristic to a controller viaa
connecting lead coupled to the electrical cardiac therapy
device and the controller and actuating an implantable
mechanical heart assist device with an actuating signal from
the controller, wherein the actuating is based at least in part on
the information about the heart characteristic. In addition, the
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method includes periodically timing the actuating of the
mechanical heart assist device and the electrical cardiac
therapy device such that a predetermined amount of resis-
tance to contraction is created in the heart.

[0038] Example 31 relates to the method according to
Example 30, wherein the electrical cardiac therapy device is
an ICD.

[0039] Example 32 relates to the method according to
Example 30, wherein the electrical cardiac therapy device is
aCRT-D.

[0040] Example 33 relates to the method according to any
of Examples 30-32, wherein the periodically timing the actu-
ating of the mechanical heart assist device and the electrical
cardiac therapy device further comprises timing the actuating
of the devices such that the predetermined amount of resis-
tance to contraction is created in the heart for a predetermined
treatment period each day.

[0041] Example 34 relates to the method according to
Example 33, further comprising increasing or decreasing the
predetermined treatment period as the heart is strengthened.
[0042] Example 35 relates to the method according to
either Example 33 or 34, further comprising increasing or
decreasing the predetermined treatment period after a prede-
termined amount of time. While multiple embodiments are
disclosed, still other embodiments of the present invention
will become apparent to those skilled in the art from the
following detailed description, which shows and describes
illustrative embodiments of the invention. As will be realized,
the invention is capable of modifications in various obvious
aspects, all without departing from the spirit and scope of the
present invention. Accordingly, the drawings and detailed
description are to be regarded as illustrative in nature and not
restrictive.

[0043] InExample36,amethod of controlling a heart assist
device comprises detecting a characteristic of a heart with a
sensor, transmitting about a signal relating to the heart char-
acteristic to an electrical therapy device via the sensor, and
actuating the electrical therapy device to transmit a signal to
alead based at least in part on the heart characteristic signal.
The method also includes transmitting a signal to a controller
and actuating a mechanical heart assist device with an actu-
ating signal from the controller, wherein the transmitting the
signal to the controller is based at least in part on the heart
characteristic signal and wherein the actuating is based at
least in part on the signal to the controller.

[0044] Example 37 relates to the method according to
Example 36, wherein the signal is a pacing signal.

[0045] Example 38 relates to the method according to
Example 36, wherein the signal is a defibrillation signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 is a cut away view of a patient with a com-
bination heart assist system, in accordance with one embodi-
ment.

[0047] FIG. 2A is a cut away view of a patient with a
combination heart assist system, according to another
embodiment.

[0048] FIG. 2B is a side view of a connection header block
for the electrical therapy device incorporated into the combi-
nation heart assist system embodiment of FIG. 2A.

[0049] FIG. 3A is a cut away view of a patient with a
combination heart assist system, in accordance with another
embodiment.
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[0050] FIG. 3B is a front view of the “Y” connector incor-
porated into the combination heart assist system embodiment
of FIG. 3A.

[0051] FIG. 4 is a cut away view of a patient with a com-
bination heart assist system, according to another embodi-
ment.

DETAILED DESCRIPTION

[0052] The various embodiments and inventions disclosed
herein relate to methods, devices, and systems for controlling
the operation of a mechanical heart assist device, such as, for
example, a pulsatile heart assist device and an electrical
therapy device. For example, various embodiments disclosed
herein relate to controlling the operation of pulsatile heart
assist devices such as, for example, the various devices dis-
closed in U.S. Pat. No. 6,808,484 mentioned above, in com-
bination with an electrical therapy device such as an ICD or
CRT-D device. Other embodiments discussed herein are also
suitable for use in controlling other heart assist devices,
including, but not limited to, intra-aortic balloons, aortomyo-
plasty, other counter- and co-pulsation devices, pacemakers,
defibrillators, cardiac cycle monitoring, or left ventricular
assist devices. Still other embodiments relate to controlling
any combination of these various devices.

[0053] The methods, devices, and systems contemplated
herein relate to detection of at least one of certain points in the
cardiac cycle for use in timing counter and co-pulsation heart
assist devices. Various embodiments of these methods,
devices, and systems can assist the heart during congestive
heart failure, provide emergency circulatory support during a
cardiac event, or provide programmed resistance training to
the heart during heart failure recovery. Certain embodiments
relate to methods, devices, and systems having either an elec-
trical sensing lead that is used to control a mechanical heart
assist device and an electrical heart assist device such as a
combination internal defibrillation and cardiac resynchroni-
zation therapy device (“ICD/CRT device™) that are directly or
indirectly interconnected. In these embodiments, the ICD/
CRT device can be used for pacing the heart or alternatively
for defibrillation, while the mechanical heart assist device can
be used for assisting the heart (alone or in combination with
the ICD/CRT device) or for providing “internal CPR” to the
heart during ventricular fibrillation (“VF”) or asystole while
the ICD/CRT is charging for defibrillation. Alternative
embodiments have an ICD/CRT device that can be used as a
sensing lead to detect electrical cardiac signals that are then
used to control a heart assist device while also being used for
pacing the heart or alternatively for defibrillation.

[0054] FIG. 1 depicts a patient 10 with a heart 12. The
output of the heart 12 is assisted by a pulsatile implantable
heart assist device 14. In one embodiment, the heart assist
device 14 has an aortic cuff 16 around the patient’s ascending
aorta. Various examples of heart assist devices having aortic
cuffs that could be used in the various embodiments described
herein are set forth in U.S. Pat. No. 7,306,558, issued on Dec.
11, 2007 and entitled “A Fluid Pressure Generating Means,”
which is hereby incorporated herein by reference in its
entirety. Alternatively, any known pulsatile heart assist device
can be used. In this embodiment, the cuff 16 is driven by a
pump 18. The pump 18 is powered/controlled by an external
battery/controller 22 via a percutaneous electrical cable 24.
[0055] This embodiment also has a pacemaker 20. In one
exemplary implementation, the pacemaker 20 is a dual-cham-
ber pacemaker 20 such as model S603 of the ALTRUA™
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family of pacemakers, which is commercially available from
Boston Scientific Corp. of St Paul, Minn., USA. Alterna-
tively, any known pacemaker can be used in this embodiment.
The pacemaker 20 has an atrial circuit connected to sensing
lead 26 and thereby to the ventricle of the heart 12, and a
ventricular circuit connected to the controller 22 through an
electrical cable 28.

[0056] In operation, according to one embodiment, after
receiving a ventricular rhythm signal (ie. the R wave of the
ventricle) through the atrial circuit, the pacemaker 20 may
wait for a predetermined time and then issue a pacing signal
to the controller 22, which in turn controls the pulsation of the
heart assist device 14. Alternatively, the pacemaker 20 can
issue the pacing signal immediately (without any predeter-
mined delay). It will be understood that, in the above configu-
ration, the pacemaker 20 typically issues the pacing signal to
the controller 22 as the controller 22 cannot issue the signal
indicative of ventricular rhythm that the pacemaker 20 is
awaiting. If desired, the pacemaker 20 may issue the pacing
signal from the ventricular circuit immediately upon receiv-
ing the sensed signal in the atrial circuit. In this case, there
would be a delay built into the controller 22 to ensure that the
time at which the heart assist device 14 is actuated is correctly
correlated with the native heart rhythm.

[0057] According to one embodiment, the pacemaker 20
can be adjusted to control a heart assist device in accordance
with a patient’s needs by using available programmers. Fur-
ther, pacemakers are normally designed to allow correct sens-
ing of cardiac activity even in the presence of electrical inter-
ference. They are normally designed to withstand
defibrillation pulses without damage.

[0058] Inthe embodiment shown, the heart assist device 14
1s a counter pulsation device in which the pulsations are out of
phase with the heart’s native rhythm. The atrial circuit of the
pacemaker 20 is normally adapted to sense the P wave of the
atrium but, in this particular embodiment, it instead senses the
R wave of the ventricle as described above and transmits the
signal to the controller 22, which thereby synchs the actuation
of the pulsatile device 14.

[0059] According to one implementation, an optically
coupled isolator 30 can be placed in the cable 28 to electri-
cally isolate the pacemaker 20 from the controller 22. The
isolator 30 converts the pacing signal produced by the ven-
tricular circuit of the pacemaker into a light signal which is
then returned to an electrical signal which is conveyed to the
controller 22. The isolator prevents electrical signals being
conveyed from, or through, the controller 22 to the heart 12.
One commercially-available example of a suitable type of
isolator is the OPI110 line of isolators, available from Optek
Technology Inc of Carrollton, Tex. Alternatively, the electri-
cal device 20 (or any other electrical device according to any
of the embodiments disclosed herein) can have a optical out-
put channel that outputs an optical signal (instead of an elec-
trical signal) via a fiber optic cable such as that disclosed in
U.S. Pat. No. 6,925,328 (which is hereby incorporated herein
by reference in its entirety) for device-to-device communica-
tion, such that the isolator 30 is not necessary.

[0060] FIGS.2A and 2B depict another embodiment relat-
ing to a system and method 40 having both a pulsatile
implantable heart assist device 42 and an electrical therapy
device 44. In one embodiment, the electrical therapy device
44 is a cardiac resynchronization therapy device (“CRT”).
Alternatively, the electrical therapy device 44 is an implant-
able cardioverter defibrillator (“ICD”). In a further embodi-
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ment, the electrical therapy device 44 is a combined CRT-ICD
device (also known as a “CRT-D”). In the remainder of the
description relating to FIG. 2A (and the embodiments in the
additional figures and the related description herein), it will
be assumed that the electrical device 44 is a CRT-D device,
with the understanding that other known electrical therapy
devices can be incorporated into various embodiments of the
system. The output of the heart 68 is assisted by the pulsatile
device 42 and the electrical therapy device 44 using various
operational modes as described in further detail below.

[0061] In one embodiment, the heart assist device 42 is an
aortic cuff42 around the patient’s ascending aorta. It is under-
stood that any pulsatile devices disclosed in the *558 patent
described and incorporated by reference above or any other
known pulsatile heart assist devices can be used.

[0062] The pulsatile device 42 and the electrical device 44
are both coupled to an external driver/controller 46. More
specifically, the pulsatile device 42 is coupled via a drive line
48 to a pump (not shown) in the driver/controller 46. The
electrical device 44 is coupled to the driver/controller 46 via
an electrical lead 50. As shown in FIG. 2A, in one embodi-
ment the drive line 48 and electrical lead 50 extend from the
pulsatile device 42 and the electrical device 44, respectively,
to a “Y” connector 52. At the “Y” connector 52, the drive line
48 and electrical lead 50 are positioned within an internal
device coupling cable 54. The cable extends from the “Y”
connector 52, through an incision 56 in the patient, and to a
first connector 58 positioned outside the patient. The first
connector 58 is removably coupled to a second connector 60
atone end of an external device coupling cable 62 that extends
from the second connector 60 to the driver/controller 46. In
this configuration, the drive line 48 extends from the pulsatile
device 42, through the “Y” connector 52, through the incision
56, through the connection of first connector 58 and the
second connector 60, and to the pump (not shown) in the
driver/controller. Similarly, the electrical lead extends from
the electrical device 44, through the “Y™ connector 52,
through the incision 56, through the connection of first con-
nector 58 and the second connector 60 and to the driver/
controller. Alternative implementations of the systems con-
templated herein do not have a “Y” connector. Instead, the
pulsatile device 42 and the electrical device 44 can be coupled
to the controller by any known structures or components.

[0063] In this embodiment, the cuff 42 is driven by the
pump (not shown) in the driver/controller 46 via the drive line
48. In this implementation, the drive line 48 is an air line 48.
In an alternative configuration, the pump can be a separate
unit that is located anywhere on the system so long as it is
coupled to the device 42. According to one implementation,
the pump is one of any of the programmable pumps that can
be driven in a controlled manner with adjustable pressure,
volume and slew rate and are well known in the art. One
example of a pump that can be incorporated into the driver/
controller 46 is described in further detail in U.S. Pat. No.
7,306,558, which is incorporated by reference and discussed
above, in which the pump is a fluid-filled chamber with a
reciprocating piston driven by a screw drive motor but located
wholly within external driver/controller 46 and coupled to air
line 48. Alternatively, the pump can be a reciprocating piston
and a diaphragm bellows driven by an electric motor and
coupled to air line 48. Other types of pumps that can be used
in the driver/controller 46 include turbine compressors,
piezoelectric motors, linear motors, ultrasonic motors, or
compressed gas.
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[0064] The driver/controller 46 also has a power source
(not shown). In one embodiment, the power source is an
electric power source such as a battery, solar, wireless RF, or
inductively-coupled coils. Alteratively, the power source
can be a pneumatic power source such as liquid CO,.

[0065] In one embodiment, the connector lead 50 is any
known lead that can couple two components. For example, in
one embodiment, the connector lead 50 is a known intercon-
nect IS-1 to IS-1 connector cable 50 that is commercially
available from such companies as Oscor Inc. of Palm Harbor,
Fla. Alternatively, the connector lead 50 can be a dual-pur-
pose lead that is configured to transport not only a normal
pacing trigger signal (to the controller 46, for example), but
also an encoded digital signal or a multiplexed signal con-
taining both a DC and AC or RF component waveform. In one
implementation, the combined waveform could be used to
control the pulsatile device 42 and thus simplify the digital
processing load for the controller 46. In a further alternative,
the combined waveform could be used to transfer sensed
information to the controller 46 (such as, for example, infor-
mation relating to various modes described in further detail
below, including emergency CPR support mode, increased
activity mode, larger stroke volume required, or reduced
activity mode for lower stroke volume).

[0066] The electrical therapy device 44 in FIG. 2A has a
connection header block 64. In one embodiment, the connec-
tion header block 64 has the configuration depicted in FIG.
2B with five ports 64A, 64B, 64C, and 64D as described
below. Alternatively, it is understood that the connection
header block 64 used in this particular embodiment or any
other embodiment contemplated herein can be any known
header block 64. For example, in certain embodiments, a
six-port header block (that is, the block has six ports) is used.
The header block 64 in FIG. 2B defines female connection
lumens (also referred to herein as “ports”) 64A, 64B, 64C,
and 64D, which are configured to receive electrical sensing
and pacing leads to be coupled to the device 44. For example,
in one implementation, port 64B as shown in FIG. 2B is
configured to receive a connector for the right ventricular lead
66 as shown in FIG. 2A. Similarly, additional sensing and/or
pacing leads can be connected to the header block 64. As best
shown in FIG. 2B, according to one implementation in which
the electrical device is a CRT-D, the port 64A is configured to
receive a connector for an atrial lead (not shown), port 64C is
configured to receive a connector for the connector lead 50
coupled to the controller 46, and the two ports 64D are con-
figured to receive additional connectors for the superior vena
cava electrode and the defibrillation electrode (not shown) in
the right ventricular lead. Alternatively, the ports in the header
block 64 can be configured to receive any known arrangement
of leads as appropriate for any particular type of electrical
therapy device 44. It is understood that the right ventricular
lead 66 and the atrial lead (not shown) coupled to the device
44 at the header block 64 are positioned through a vessel such
as the subclavian vein and ultimately in a predetermined
location in the heart. More specifically, the distal end of the
right ventricular lead 66 is positioned in the right ventricle
and the atrial lead (not shown) is positioned in the atrium. It is
further understood that the connection lead 50 extends from
the header block 64 to the “Y” connector 52 as described in
further detail above.

[0067] In one exemplary embodiment, the electrical
therapy device 44 is a known dual chamber implantable car-
dioverter defibrillator with cardiac resynchronization therapy
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(CRT-D), and in a more specific implementation is Model
D274TRK Concerto I CRT-D, which is commercially avail-
able from Medtronic Inc. of Minneapolis, Minn. USA. This
device in this embodiment is a multiprogrammable cardiac
device that monitors and regulates the patient’s heart rate by
providing single or dual chamber rate-responsive bradycardia
pacing, sequential biventricular pacing, ventricular tach-
varrhythmia therapies, and atrial tachyarrhythmia therapies.
As in the embodiment described above, this specific CRT-D
device 44 has an IS-1 header block for connection to the
counterpulsation controller 46. In one exemplary operation,
the Concerto 11 CRT-D device 44 can respond to a brad-
yarrhythmia by providing bradycardia pacing therapies that
will also drive the assist device controller 46 at a programmed
rate.

[0068] Inaccordance with one implementation, the system
40 (or any other system embodiments described herein) can
be constructed based on an existing standard electrical pacing
system that has already been implanted into a patient. More
specifically, it is anticipated that one typical use of the system
embodiments having both electrical and pulsatile assistance
as contemplated herein would be in the setting of a patient
having an existing, implanted electrical therapy device who is
a failed CRT case or a “non-responder” and requires or could
benefit from additional cardiac assistance. That is, the patient
has a standard electrical pacing system including the electri-
cal therapy device 44 and the atrial, left, and right ventricular
leads, but for some reason the electrical therapy has not been
successful or sufficient. Thus, for various reasons, it may be
beneficial to the patient to add a pulsatile device 42 to create
the system 40 as depicted in FIG. 2 without changing the
operation of the electrical therapy device that was previously
implanted. This can be accomplished by implanting the
device 42 with the drive line 48, coupling the connector lead
50 to the header block 64 and the “Y” connector 52, and
connecting the controller 46 to the system 40 by coupling the
first connector 58 and the second connector 60. In the
embodiment depicted in FIG. 2A, the connector lead 50 is
coupled to the header block 64 by uncoupling the left ven-
tricular lead from the port 64C and inserting the connector
lead 50 into the port 64C in its place. In this implementation,
the left ventricular lead can either be removed from the
patient, or it can simply be disconnected and remain
implanted in the patient. In a further embodiment in which the
header block 64 is a six-port header block, the left ventricular
lead need not be uncoupled from the block. Alternatively, the
entire system 40 (both the electrical therapy device and the
mechanical device and associated components) can be
implanted at the same time (in those situations in which there
is no previously implanted electrical therapy system already
in place).

[0069] The system 40 as set forth in FIG. 2 provides com-
bined mechanical and electrical cardiac assistance by one of
at least four different modes of operation.

[0070] In one embodiment, the mode of operation is “syn-
chronized pacing,” in which the system 40 provides com-
bined counterpulsation of the aorta (via the heart assist device
42) with direct control by the electrical therapy device 44,
thereby resulting in controlled synchronous ventricular and
aortic heart assistance. In other words, the electrical therapy
device 44 controls the sensing of the heart characteristics and
the synchronized operation of both the electrical therapy
device 44 and the pulsatile device 42. In this embodiment, the
heart assist device 42 provides supplemental cardiac assis-
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tance in synchrony with the electrical therapy device 44.
More specifically, in one embodiment, the CRT-D 44 senses
heart characteristics via the atrial lead (not shown) and/or the
right ventricular lead 66 using known technology. For
example, the CRT-D 44 can receive information about atrial
depolarization via the atrial lead and further can transmit a
ventricularrhythm signal (i.e., the R wave of the ventricle) via
the right ventricular lead 66. The CRT-D 44 processor then
applies a known process used to control the pulsing of atrial
lead (not shown) and/or the right ventricular pacing lead 66 to
electrically stimulate the heart to beat in a fashion that simu-
lates a normal heartbeat. In a standard electrical cardiac
therapy system, a CRT-D typically stimulates the heart to beat
in a simulated normal fashion by pulsing the right and left
ventricular leads. As is known in the art, depending on intra-
ventricular delay optimization (which is entirely dependent
onthe specific patient),a CRT-D coupled to both right and left
ventricular leads may (1) pulse both leads at the same time,
(2) first pulse the right ventricular lead and then the left, or (3)
first pulse the left ventricular lead and then the right. In
contrast, in the instant embodiment as shown in FIGS. 2A and
2B in which the CRT-D 44 is coupled to a right ventricular
lead 66 and the pulsatile device 42 (and is not coupled to aleft
ventricular lead), the CRT-D 44 can stimulate the heart to beat
in a simulated normal fashion by first pulsing the right ven-
tricular lead 66 and then the pulsatile device 42 as described
in further detail below. In alternative embodiments of the
combination systems as described herein in which the CRT-D
has both right and left ventricular leads (such as, for example
(but not limited to), FIGS. 3A and 3B as described below or
various embodiments in which the CRT-D has a six-port
header block), the CRT-D can stimulate the heart to beatin a
simulated normal fashion by pulsing the right and left ven-
tricular leads and actuating the pulsatile device to inflate or
otherwise compress the aorta (typically after pulsing the right
and left leads).

[0071] Thus, in addition to its standard, known functions,
according to an embodiment relating to synchronized pacing,
the CRT-D 44 processor can also control the pulsatile device
42 to provide supplemental pulsatile assistance to the heart.
For example, in one implementation, upon receipt of the heart
characteristic signal from one or more of the leads (such as the
atrial lead and/or right ventricular lead), the CRT-D 44 pro-
cessor can cause the pulsatile device 42 to inflate by issuing a
pacing signal via the electrical lead 50 to the controller 46,
which in turn controls the pulsation of the pulsatile device 42.

[0072] Itisunderstood that the timing of theactuation ofthe
pulsatile device 42 to compress the aorta typically does not
occur at the same time as the pulsing of the right ventricular
lead 66 (or the left ventricular lead in those embodiments
having such a lead) as described above. Instead, as best
explained with respect to those embodiments described
herein having both a right ventricular lead (not shown) and a
left ventricular lead 108 (such as, for example, the embodi-
ment depicted in FIG. 3), the right and left leads are first
pulsed to stimulate the ventricles to contract. Only after the
blood has been urged from the left ventricle into the aorta and
the aortic valve has closed is the pulsatile device 42 typically
actuated to compress the aorta to provide pulsatile assistance
to urge the blood out of the aorta and out to the body. As such,
for purposes of synchronous operation of the pulsatile device
42 to support or enhance the cardiac assistance provided by
the electrical stimulation of the ventricles, the inflation of the
pulsatile device 42 should be timed appropriately to ensure

May 29, 2014

that the inflation occurs after the aortic valve is closed. In
addition, it is further understood that the timing of the defla-
tion of the pulsatile device 42 to deflate just prior to or when
the aortic valve opens (and the left ventricle begins to contract
and urge blood into the aorta) can create a pressure-reducing
action (also referred to herein as “ventricular unloading”) that
assists with urging the blood into the aorta, such that the
pulsatile device 42 can provide cardiac assistance by pulsing
the aorta to force blood to the body and also by deflating when
the aortic valve opens to assist with urging blood into the
aorta.

[0073] In one embodiment, the CRT-D 44 processor can
provide the appropriate timing for pulsation of the pulsatile
device 42 by waiting for a predetermined time (such as, but
not limited to, a ventricle-to-ventricle (“VV™) interval delay
ranging from 10 to 80 msec) after receiving the heart charac-
teristic information via the atrial and/or right ventricular lead.
After the predetermined time, the CRT-D 44 issues—via the
lead 50—a pacing signal to the controller 46, which then
actuates the pump in the controller 46 to pulsate the pulsatile
device 42 via the drive line 48. According to one implemen-
tation, the system—either the CRT-D 44 or the controller
46—further compensates for internal timing delays and iso-
volumetric contraction to provide accurate deflation timing.

[0074] Inan alternative embodiment, the controller 46 pro-
vides the appropriate timing for pulsation of the pulsatile
device 42. That is, after receiving the heart characteristic
information, the CRT-D 44 processor immediately issues—
via the lead 50—a pacing signal to the controller 46. It is the
controller 46 in this embodiment that waits for a predeter-
mined time period after receiving the pacing signal before
actuating the pump. After the predetermined period of time,
the controller 46 actuates the pump, which provides the fluid
pressure—via the drive line 48—that actuates the pulsatile
device 42.

[0075] Regardless of whether the CRT-D 44 or the control-
ler 46 controls the timing, it is understood that the timing of
the electrical stimulation via the CRT-D 44 and the mechani-
cal pulsation via the pulsation device 42 must be initially
“tuned” or customized for each individual patient. That is,
each patient’s cardiac characteristics are different and thus
the exact timing of the components of the system 40 (and any
other system embodiments herein) should be set or adjusted
to fit those characteristics. As mentioned above, the ultimate
goal is to optimize the timing of the pacing leads and the
pulsatile device 42 such that the pacing leads cause the ven-
tricles of the heart to contract as a unified whole (thereby
reflecting normal heart operation) and the pulsatile device 42
maximizes the ventricular unloading and assists in circulating
blood to the body. As such, any timing of the system 40
components (including any other system depicted and/or dis-
closed herein) that achieves such operation can be imple-
mented.

[0076] According to one implementation, the “synchro-
nized pacing” mode as described above can be particularly
effective in treating those patients who do not respond to
standard electrical pacing. That is, a substantial percentage of
patients (referred to as “non-responders”) cannot be success-
fully treated with standard electrical pacing using a CRT-D
(or other type of pacing device) to stimulate ventricular con-
tractions with left and right ventricular leads. As such, the
system depicted in FIG. 2 and described above can be used to
provide cardiac therapy to such non-responders by combin-
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ing the mechanical heart assistance (using the pulsatile device
42) with the standard electrical assistance.

[0077] According to one alternative variation of the syn-
chronized pacing mode, the system 40 can provide for rate
adaptation in which the amount of support by the pulsatile
device 42 can be varied according to the heart rate of the
patient. For example, in one embodiment, during synchro-
nized pacing, the normal rate of support of the pulsatile device
42 couldbe 1:2. Inother words, the pulsatile device 42 inflates
once for every two heartbeats. Alternatively, the normal rate
of support could be any desired ratio. In this variation, as the
patient’s heart rate changes due to the patient’s activities, the
support rate can be adjusted. In one implementation, the
controller 46 processor can be programmed to have a prede-
termined heart rate level above which the processor sends a
signal to the pulsatile device 42 to increase its support rate
(for example, to 1:1). Alternatively, the CRT-D 44 processor
can be so programmed.

[0078] Inoperation, a patient’s heart rate may increase as a
result of exercise or any other type of physical exertion. As the
heart rate increases, the sensing leads of the CRT-D 44 (such
as the atrial and/or right ventricular lead, for example) can
detect the increase and provide that information to the CRT-D
44. Then, as discussed above, when the rate increase reaches
a predetermined level, either the CRT-D 44 processor or the
controller 46 processor can transmit a signal to the pulsatile
device 42 to increase its support rate by some predetermined
amount (such as, for example, 1:1). Alternatively, the CRT-D
44 processor or the controller 46 processor can transmit a
signal to the device 42 to increase its support in any known
fashion (such as, for example, increasing the amount of the
aortic compression). In further alternative embodiments, the
system can also provide for decreasing the support of the
pulsatile device 42 by some predetermined amount when the
heart rate drops below a certain level (such as, for example,
when the patient is sleeping).

[0079] Yet another alternative embodiment to the synchro-
nized pacing mode relates to adjusting the amount of support
by the pulsatile device 42 based on trans-thoracic impedance.
It is known that standard ICD and CRT devices are capable of
sensing fluid build-up in the lungs by trans-thoracic imped-
ance measurement. More specifically, the conductivity
between the electrical device 44 and a defibrillation electrode
on one of the leads is measured on a regular basis. If the
conductivity increases over time, that is an indication that the
amount of fluid in the lungs has increased, and that informa-
tion can be transmitted by the CRT-D to some external com-
ponent for review by a user or a doctor or other relevant
person who can then take appropriate therapeutic steps to
attempt to address the increased fluid. In the present embodi-
ment, if the impedance reaches a certain level or increases by
a certain amount between two measurements, the CRT-D 44
can be programmed to increase the rate of support of the
pulsatile device 42. More specifically, the CRT-D 44 can be
programmed to increase the rate of support of the pulsatile
device 42 so that it is inflating more often than prior to the
increase in the fluid. In one example, the CRT-D 44 can
increase the rate of support from 1:2 to 1:1. Alternatively, any
desired increase can be implemented. In a further alternative,
instead of the increasing the rate of support, the CRT-D 44 can
be programmed to increase the amount that the pulsatile
device 42 inflates.

[0080] Ina further embodiment, the system 40 depicted in
FIG. 2 can operate in a mode that can be called “internal
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cardiopulmonary resuscitation” (or “internal CPR™), in
which the system 40 provides for complementary cardiac
assistance in the event of an episode resulting in the loss of
ventricular contraction or output (such as, for example, ven-
tricular fibrillation, asystole, etc.) by providing a mechanical
form of CPR or circulatory support via the pulsatile device 42
while concurrently providing a standard tiered electrical
therapy via the electrical therapy device 44 (in this case, an
CRT-D device 44). The CRT-D 44 can control the pulsatile
device to pump the heart at a rate to maximize circulatory
support until the electrical therapy is successful in restarting
the heart or until emergency life support personnel arrive. The
combined therapy will extend the capability of current life
support devices, such as an ICD, in saving patients lives and
provide greater cardiac resynchronization therapy for heart
failure.

[0081] In operation of the internal CPR mode, the CRT-D
44 first detects a loss of ventricular contraction. At this point,
the CRT-D 44 activates the pulsatile device 42 to begin pro-
viding “internal CPR” by issuing—via the lead 50—a pacing
signal to the controller 46, which then actuates the pump in
the controller 46 to pulsate the pulsatile device 42 via the
drive line 48. More specifically, the loss of ventricular con-
traction means that there is no ventricular rhythm to sense and
thereby actuate synchronized pacing using the electrical 44
and pulsatile devices 42. In response, the CRT-D 44 transmits
instructions (in the form of a signal or signals) to the pulsatile
device 42 (via the controller 46) to pulsate with a steady rate.
The rate depends on, among other parameters, the type of
assist device, the volume of displacement, and the slew rate
for optimum cardiac output in the setting of no native ven-
tricular contraction. According to one embodiment, a rate that
produces a moderately rapid heartbeat of 80-120 BPM would
provide an appropriate cardiac output. Alternatively, any rate
that benefits the patient can be used.

[0082] Inan alternative embodiment, instead of the CRT-D
44 issuing a signal to the controller 46 that the pulsatile device
42 should begin the internal CPR mode, the system can be
operating in a synchronized pacing mode as described above
and either the controller 46 or the pulsatile device 42 can
sense that it is no longer receiving the standard pacing signal.
As a result of this loss of signal, the controller 46 or the
pulsatile device 42 can automatically actuate the device 42 to
begin the internal CPR mode.

[0083] In a further embodiment, the CRT-D 44 can also
transmit instructions to the pulsatile device 42 to pulsate with
a specific inflation volume. The volume could be any volume
that benefits the patient.

[0084] At the same time, the CRT-D 44 begins a known
tiered electrical therapy process to attempt to return the heart
to normal operation. In other words, while the CRT-D 44 is
controlling the pulsatile device 42 to provide internal CPR in
the form of mechanical pulsation assistance to the aorta, the
CRT-D 44 is also applying tiered electrical therapy to attempt
to return the heart to normal operation by first attempting to
pace the heart back to normal operation, and then elevating
the treatment ultimately to defibrillating the heart. It is under-
stood that the pacing treatment can include burst pacing,
anti-tachycardia pacing, or any pacing that may stimulate the
heart back to normal operation. It is further understood that
the defibrillation treatment includes a discharge defibrillation
pulse. In one embodiment, the discharge pulse is typically
applied between a superior vena cava lead (not shown) and
the right ventricular lead (not shown) or in combination with
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discharge between the device 44 and defibrillation leads (not
shown) positioned in the superior vena cava and the right
ventricle. Alternatively, any known defibrillation treatment
can be utilized.

[0085] Inanalternative implementation, the CRT-D 44 first
applies the known tiered therapy process as described above
prior to activating the pulsatile device 42 to provide the “inter-
nal CPR” therapy. That is, instead of activating the “internal
CPR” therapy as soon as the loss of ventricular contraction is
detected, the CRT-D 44 first attempts to apply an electrical
therapy (in the form of pacing and/or defibrillation).

[0086] Regardless of which therapy is applied first, the
CRT-D 44 continues to operate the pulsatile device 42 to
provide the internal CPR while also continuing to monitor the
heart and provide the tiered electrical therapy (including
defibrillation as necessary) until the heart returns to normal
operation. Upon the heart returning to normal operation, the
CRT-D 44 stops the internal CPR and returns the system to
normal pacing—either standard electrical pacing or synchro-
nized pacing combining electrical therapy and mechanical
assistance with the pulsatile device 42.

[0087] Alternatively, the “internal CPR” mode can be
implemented using impedance pump technology. Impedance
pump technology, which is also referred to as “valveless
pump” technology, relates to production of flow (including,
for example, blood flow) along a length of tube having at least
two sections, each of the sections having a different imped-
ance. When the compliant portion of the tube is compressed,
the resulting wave travels along the surface of the compliant
portion and, when the wave reaches the interface with the
portion having a different impedance, there will be at least a
partial reflection of the wave. Repeated compressions along
such a tube can which create a positive directional flow wave.
This technology is described in further detail in Hickerson,
Anna, “An Experimental Analysis of the Characteristic
Behaviors of an Impedance Pump,” California Institute of
Technology, thesis (2005), and Schuit, E., “Valveless Imped-
ance Pump Behavior, An Experimental Study,” National Uni-
versity of Singapore and Eindhoven University of Technol-
ogy, internship (2007), both of which are hereby incorporated
herein by reference in their entireties.

[0088] For purposes of the internal CPR mode, the blood
flow is created when the pulsatile device 42 provides
mechanical pulsation assistance to the aorta, thereby causing
the compliant aorta to oscillate and produce a standing wave
of blood. As the blood flows into a non-compliant section of
the aorta (such as, for example, the descending aorta of an
elderly or diseased patient, which can be stiffer than a healthy
aorta), positive blood flow can result. Depending on the
amplitude and frequency of the displacements, clinically sig-
nificant flow volumes can be attained. According to one
embodiment, the driving rate can be 5-10 Hz (or 300 to 600
BPM). Alternatively, any known driving rate that can produce
blood flow can be used. As such, according to one implemen-
tation, use of the pulsatile device 42 embodiments disclosed
herein for purposes of an internal CPR mode can result in
creation of positive blood flow in a situation in which the
patient’s heart is not beating. Alternatively, the impedance
pump technology can also produce blood flow when operat-
ing asynchronously to the native heartbeat, thereby augment-
ing flow continuously above the natural heartbeat.

[0089] In another implementation, the system 40 depicted
in FIG. 2 can operate in a mode that can be called the “internal
workout” mode, in which the system 40 provides a heart
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strengthening treatment while also synchronously pacing the
heart. More specifically, in this mode, the electrical device 44
and the pulsatile device 42 operate in synchronous fashion to
intentionally create a stress or workload on the heart for a
predetermined “workout” period. During the cardiac healing
process, a weakened heart will become noticeably stronger
with the assisted therapy being provided from an electrical
therapy device and/or a pulsatile support device. It would be
desirable to further aid recovery by providing an internal
workout to the heart. The system 40 in this mode can poten-
tially strengthen the heart to the point that the heart may not
have to rely as much on the synchronized pacing treatment as
it did prior to the heart strengthening treatment. Ultimately,
the goal in any cardiac assistance support is to aid the patient
to recovery or bridge the patient to transplant. If a patient is
showing heart muscle recovery, the internal cardiac workout
routine can be a method to ensure a complete and full recov-
ery of cardiac function in a controlled and programmed man-
ner. In one embodiment, the system 40 is operating in its
synchronized pacing mode combined with a recurring heart
strengthening treatment that repeats on a predetermined
schedule. For example, in one embodiment, the heart
strengthening treatment can be performed daily for an hour.
Alternatively, the treatment can be performed on any prede-
termined schedule that is determined to benefit the patient.

[0090] In operation of the internal workout mode, accord-
ing to one embodiment, the system 40 is initially operating in
its synchronized pacing mode. While operating in this mode,
a workout mode can be implemented using resistance. More
specifically, by controlling the timing between the electrical
therapy device 44 and the pulsatile device 42, small amounts
of resistance to contraction can be created. In one embodi-
ment of the workout mode, either the CRT-D 44 or the con-
troller 46 actuates the pulsatile device 42 to deflate later than
in standard operation—after the left ventricle has begun to
contract and urge blood into the aorta. The later deflation
means that the aorta is still compressed for the period that the
device 42 is still inflated, thereby providing resistance to the
blood being urged into the aorta by the left ventricle. This
resistance forces the left ventricle to contract with more
strength in order to successfully urge the blood into the aorta.
In other words, the left ventricle must “work harder” to get the
same amount of blood into the aorta. As such, this resistance
created by the later deflation of the pulsatile device 42 results
in the heart having to work harder to operate. In another
embodiment, instead of later deflation, the resistance is cre-
ated by actuating the pulsatile device 42 to deflate to a partial
volume (instead of fully deflating), resulting in aortic restric-
tion during cardiac output that, like the later deflation, forces
the left ventricle to “work harder.”

[0091] In one implementation of the internal workout
mode, the pulsatile device 42 deflates 25 mS later than during
normal pacing. Alternatively, the device 42 deflates 50 mS
later than normal. In a further embodiment, the device
deflates by any amount ranging from about 10 mS to about
200 mS later than normal. In an alternative implementation in
which the device 42 deflates to a partial volume, the device 42
deflates to 50% of its total volume for some predetermined
period of time or number of heartbeats. Alternatively, the
pulsatile device 42 can deflate by any amount ranging from
about 10% to about 90% of its total volume for any predeter-
mined period of time.

[0092] According to one embodiment of the internal work-
out mode, the device 42 operates in this mode for 30 minutes
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every 24 hours. Alternatively, the device 42 can operate in the
internal workout mode for any desired amount of time and
can be repeated on a cycle of any desired length. In addition,
various embodiments of the internal workout mode can
include increased resistance over time. For example, in one
embodiment, the resistance might increase by some amount
each cycle. In one exemplary embodiment, the deflation
occurs 5% later in each cycle. Alternatively, the resistance can
be increased every other cycle or on any other desired sched-
ule.

[0093] In one implementation, the system 40 tracks the
patient’s response during the workout mode. More specifi-
cally, the CRT-D 44 senses heart characteristics, such as via
the atrial lead and/or the right ventricular lead, during the
workout mode. If the heart characteristics sensed by the
device 44 indicate that the heart is being affected adversely by
the resistance, the CRT-D 44 will stop the application of the
resistance.

[0094] Invarious alternative embodiments, systems having
different configurations are contemplated that can perform all
of the operational modes described above. For example, FIG.
3A depicts a system 80 having a pulsatile device 82 and an
electrical therapy device 84. In one embodiment, the electri-
cal therapy device 84 is a CRT-D 84 and the pulsatile device
82 is an aortic cuff 82. The pulsatile device 82 and the elec-
trical device 84 are both coupled to an external driver/con-
troller 86. More specifically, the pulsatile device 82 is coupled
via a drive line 88 to a pump (not shown) in the driver/
controller 86. The electrical device 84 is coupled to the driver/
controller 86 via an electrical lead 90.

[0095] Inthe embodiment shown in FIG. 3A, the drive line
88 extends from the pulsatile device 82 to a“Y” connector92.
At the “Y” connector 92, the drive line 88 is positioned within
an internal device coupling cable 94. The cable extends from
the “Y” connector 92, through an incision 96 in the patient,
and to a first connector 98 positioned outside the patient. The
first connector 98 is removably coupled to a second connector
100 at one end of an external device coupling cable 102 that
extends from the second connector 100 to the driver/control-
ler 86. Thus, in this configuration, the drive line 88 extends
from the pulsatile device 82, through the “Y” connector 92,
through the incision 96, through the connection of first con-
nector 98 and the second connector 100, and to the pump (not
shown) in the driver/controller 86.

[0096] As best shown in FIGS. 3A and 3B, the electrical
lead 90 extends from a “Y” connector 104 to the “Y” connec-
tor 92. The “Y” connector 104 is coupled to the electrical
device 84 with an IS-1 connector 106. According to one
embodiment, the “Y”” connector 104 is any known “Y” con-
nector such as the IS-1 Bif that is commercially available
from St. Jude Medical in St. Paul, Minn. At the “Y” connector
92, the lead 90 is positioned within the internal device cou-
pling cable 94. Thus, the lead 90 extends within the cable 94
through the incision 96, through the connection of the first
and second connectors 98, 100 and to the driver/controller 86.
[0097] It should be noted that one difference between the
system 40 depicted in FIGS. 2A and 2B and the system 80
depicted in FIGS. 3A and 3B is the “Y” connector 104 incor-
porated into the system 80 in FIGS. 3A and 3B. According to
one embodiment, the “Y” connector 104 is included in the
system 80 to allow for coupling the electrical device 84 to the
controller 86 while also retaining the left ventricular lead 108.
That is, in contrast to the system 40 in FIGS. 2A and 2B in
whichthe left ventricular lead is removed from port 64C in the
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header block 64 so that it can be replaced with the connector
lead 50, the “Y” connector 104 is used in the system 80 in
FIGS. 3A and 3B to allow both the left ventricular lead 108
and the connector lead 90 to be coupled to the connector
header 110. More specifically, the IS-1 connector 106 on the
“Y” connector 104 can be inserted into a port in the connector
header, and both the left ventricular lead 108 and the connec-
tor lead 90 can be coupled to the “Y” connector 104 as shown
in FIGS. 3A and 3B and as discussed above, thereby making
it possible for the connector lead 90 to be coupled to the
device 84 without having to remove the left ventricular lead
108. In a further alternative embodiment, the header block
can be a six-port header block as described above, which also
allows both the left ventricular lead 108 and the connector
lead 90 to be coupled to the header block. In one embodiment,
a patient’s response to CRT heart failure therapy can be
relevant in determining whether to use an embodiment such
as that set forth in FIGS. 2A and 2B (in which the connector
lead 50 is coupled directly to the header block 64 and there is
no left ventricular lead), an embodiment such as that set forth
in FIGS. 3A and 3B (in which a bifurcated connection via a
“Y” connector 104 provides for coupling both the connector
lead 90 and the left ventricular lead 108 to the header block
110), an embodiment having a six-port header block, or some
other embodiment. It is understood that the additional elec-
trical sensing and pacing leads, such as, for example, the atrial
and right ventricular leads (not shown), are also coupled to the
header 110 in a fashion similar to that shown in FIGS. 2A and
2B. Itis further understood that the distal ends of those leads
are positioned in appropriate locations in the heart.

[0098] In a further alternative implementation, the “Y”
connector 104 can be coupled to the connector lead 90 and to
the right ventricular lead (not shown) (instead of the left
ventricular lead 108).

[0099] In this embodiment, the controller 86 can commu-
nicate with the electrical therapy device 84 wirelessly. More
specifically, the controller 86 has a wireless transceiver 112
that can transmit or receive wireless signals from the device
84. In one embodiment, the transceiver 112 is a radio fre-
quency (RF) transceiver 112 that can transmit and receive RF
signals. Alternatively, any known wireless technology can be
used. According to one embodiment, the controller 86 and
electrical device 84 can communicate with each other regard-
ing the operational mode of the system. For example, in one
embodiment, a user can enter information (such as by actu-
ating a button or other actuation component) at the controller
86 about the desired mode. The controller 86 can then wire-
lessly transmit the information about the desired mode to the
electrical device 84 via the wireless transceiver 112. In a
further embodiment, during operation of one of the modes,
the device 84 can transmit information about the operation of
that mode (such as, for example, when the controller 86
should actuate the pulsatile device 82) to the controller 86. It
is further understood that the communication capabilities of
the system 80 can include any communication of any appro-
priate information between the two devices 84, 86 that can be
helpful in operation of any of the modes described herein.

[0100] One exemplary CRT-D device 84 that can be incor-
porated into the system 80 and can communicate wirelessly
with the controller 86 is Medtronic’s Model D274TRK Con-
certo II CRT-D discussed above. The Concerto 1I CRT-D
utilizes RF Conexus telemetry for wireless communication
within the Medical Implant Communication Service (MICS)
band. According to one implementation, this specific device
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84 can use this RF Conexus telemetry functionality to com-
municate wirelessly with the controller 86 and exchange any
information as described in any embodiment disclosed
herein.

[0101] FIG. 4 depicts another embodiment of a system 120
having a ventricular pulsatile device 122, along with an elec-
trical therapy device 124. In one embodiment, the electrical
therapy device 124 is a CRT-D 124 and the ventricular pul-
satile device 122 is positioned around the left ventricle. The
pulsatile device 122 and the electrical device 124 are both
coupled to an external driver/controller 126. More specifi-
cally, the pulsatile device 122 is coupled via a drive line 128
to a pump (not shown) in the driver/controller 126. The elec-
trical device 124 1s coupled to the driver/controller 126 via
connector lead 130.

[0102] In the embodiment shown in FIG. 4, the drive line
128 extends from the pulsatile device 122 to a “Y” connector
132. At the“Y” connector 132, the drive line 128 is positioned
within an internal device coupling cable 134. The cable
extends from the “Y” connector 132, through an incision 136
in the patient, and to a first connector 138 positioned outside
the patient. The first connector 138 is removably coupled to a
second connector 140 at one end of an external device cou-
pling cable 142 that extends from the second connector 140 to
the driver/controller 126. Thus, in this configuration, the drive
line 128 extends from the pulsatile device 122, through the
“Y” connector 132, through the incision 136, through the
connection of first connector 138 and the second connector
140, and to the pump (not shown) in the driver/controller 126.
[0103] Further, the electrical lead 130 extends from the
electrical device 124 to the “Y” connector 132. At the “Y”
connector 132, the lead 130 is positioned within the internal
device coupling cable 134. Thus, the lead 130 extends within
the cable 134 through the incision 136, through the connec-
tion of the first and second connectors 138, 140 and to the
driver/controller 126.

[0104] In addition, the electrical sensing and pacing leads,
including, for example, the right ventricular lead 144, are
coupled to the electrical device 124. The distal ends of the
leads are positioned in the appropriate locations in the heart.
[0105] In this embodiment, given that the pulsatile device
122 in this embodiment is a ventricular pulsatile device 122,
it is understood that the timing of the actuation of the device
122 will be different than the aortic cuff embodiments dis-
cussed above. More specifically, the ventricular pulsatile
device 122 is inflated to assist the left ventricle in contracting
to force blood into the aorta (in contrast to the aortic cuff
embodiments discussed above, which are actually deflated to
assist the left ventricle in urging blood into the aorta).
[0106] Intheimplementation depicted in FIG. 4 (andin the
other embodiments described herein and depicted in FIGS.
1-3B), the electrical therapy device 124 is coupled to the
controller 126 via the connector lead 130. As described with
respect to the various embodiments above, this direct cou-
pling via the connector lead 130 allows the electrical device
124 and the controller 126 (and pulsatile device 122) to com-
municate. However, in certain alternative embodiments, no
such direct coupling of the electrical device to the compo-
nents of the pulsatile system is required. That is, the electrical
device 124 and the controller 126 can communicate withouta
direct connection. In these embodiments, the electrical device
124 and controller 126 can communicate via wireless com-
munication such as, for example, RF telemetry within the
known Medical Implant Communication Service (MICS)
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band. Although the wireless communication in technology
devices is generally not suited for real-time synchronous
control due to processing delays and battery limitations, it is
understood that future power sources and communication
speeds may be suited for real-time control.

[0107] In further alternative embodiments relating to the
systems contemplated herein (including those depicted in
FIGS. 1-4), the controller is not a separate device. More
specifically, in certain embodiments, the controller can be
located in the electrical therapy device. In other embodi-
ments, the controller can be located in the mechanical heart
assist device.

[0108] Alternative combination system embodiments (hav-
ing both an electrical therapy device and a mechanical heart
assist device) can also include embodiments in which the
electrical therapy device has no sensing lead. That is, in such
implementations, instead of a sensing lead, the electrical
therapy device has a sensor that can sense a heart character-
istic without being positioned in or adjacent to the heart. For
example, in one embodiment, the sensor is a sensing compo-
nent that is not a lead and is configured to sense a heart
characteristic. According to one implementation, the sensor is
that is physically integrated into the electrical therapy device.
[0109] In further alternative implementations of combina-
tion systems, the electrical therapy device has no pacing lead.
That is, in such implementations, instead of a pacing lead, the
electrical therapy device has a pacing component that can
stimulate or pace the heart without being positioned in or
adjacent to the heart. In one example, the pacing compornent
is a leadless cardiac stimulation component such as those
disclosed in U.S. Published Application 2008/0109054
entitled “Leadless Cardiac Stimulation Systems,” which is
hereby incorporated herein by reference in its entirety.
[0110] Although the various embodiments disclosed herein
have been described with reference to preferred embodi-
ments, persons skilled in the art will recognize that changes
may be made in form and detail without departing from the
spirit and scope of the inventions.

What is claimed is:

1. A method of controlling a heart assist device, the method
comprising:

detecting a characteristic of a heart with a sensor;

transmitting a signal relating to the heart characteristic to

an electrical therapy device via the sensor;

actuating the electrical therapy device to transmit a pacing

signal to a pacing component based at least in part on the
heart characteristic signal,

transmitting a signal to a controller, wherein the transmit-

ting the signal to the controller is based at least in part on
the heart characteristic signal; and

actuating amechanical heart assist device with an actuating

signal from the controller, wherein the actuating is based
at least in part on the signal to the controller.

2. The method of claim 1, wherein the transmitting the
signal to the controller further comprises transmitting the
signal to the controller via a connecting lead coupled to the
electrical therapy device and the controller.

3. The method of claim 1, wherein the sensor is a sensing
lead.

4. The method of claim 1, wherein the pacing component is
a pacing lead.

5. The method of claim 1, wherein the controller is physi-
cally integral with the electrical therapy device.
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6. The method of claim 1, wherein the controller is physi-
cally integral with the mechanical heart assist device.

7. The method of claim 1, wherein the mechanical heart
assist device is a pulsatile device.

8. The method of claim 1, further comprising actuating
both the mechanical heart assist device and the electrical
therapy device to operate synchronously to assist the heart
based on the information about the heart characteristic.

9. The method of claim 1, wherein the heart characteristic
comprises a loss or reduction of ventricular contraction,
wherein the actuating the electrical therapy device further
comprises actuating the electrical therapy device to transmit a
defibrillation discharge to the heart via a ventricular lead
based on the information about the heart characteristic, and
wherein the actuating the mechanical heart assist device fur-
ther comprises actuating the mechanical heart assist device to
provide circulatory support until the heart is defibrillated or
normal cardiac rhythm is restored.

10. The method of claim 1, wherein the heart characteristic
comprises a loss or reduction of ventricular contraction,
wherein the actuating the electrical therapy device further
comprises actuating the electrical therapy device to transmit a
defibrillation discharge to the heart via a ventricular lead
based on the information about the heart characteristic, and
wherein the actuating the mechanical heart assist device fur-
ther comprises actuating the mechanical heart assist device to
provide circulatory support until the electrical therapy device
transmits the defibrillation charge to the heart.

11. The method of claim 1, wherein the electrical therapy
device is an ICD.

12. The method of claim 1, wherein the electrical therapy
device is a CRT-D.

13. The method of claim 1, wherein the actuating the elec-
trical therapy device and the actuating the mechanical heart
assist device further comprises synchronously actuating the
mechanical heart assist device to operate the aortic compres-
sion structure to compress the ascending aorta while actuat-
ing the electrical therapy device to transmit the pacing signal
to the heart via the pacing component, whereby the mechani-
cal heart assist device and the electrical therapy device oper-
ate in conjunction to assist the heart.

14. The method of claim 1, wherein the heart characteristic
is chosen from the group consisting of heart vibrations, heart
sounds, flow, pressure, impedance, wall stress, and optical
reflectance.

15. A method of assisting and strengthening a heart, the
method comprising:

detecting a characteristic of a heart with a sensing lead,

transmitting information about the heart characteristic to

an electrical cardiac therapy device via the sensing lead,
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actuating the electrical cardiac therapy device based at
least in part on the information about the heart charac-
teristic;
transmitting the information about the heart characteristic
to a controller via a connecting lead coupled to the
electrical cardiac therapy device and the controller;

actuating an implantable mechanical heart assist device
with an actuating signal from the controller, wherein the
actuating is based at least in part on the information
about the heart characteristic; and

periodically timing the actuating of the mechanical heart

assist device and the electrical cardiac therapy device
such that a predetermined amount of resistance to con-
traction is created in the heart.

16. The method of claim 15, wherein the electrical cardiac
therapy device is an ICD.

17. The method of claim 15, wherein the electrical cardiac
therapy device is a CRT-D.

18. The method of claim 15, wherein the periodically tim-
ing the actuating of the mechanical heart assist device and the
electrical cardiac therapy device further comprises timing the
actuating of the devices such that the predetermined amount
of resistance to contraction is created in the heart for a pre-
determined treatment period each day.

19. The method of claim 18, further comprising increasing
or decreasing the predetermined treatment period as the heart
is strengthened.

20. The method of claim 18, further comprising increasing
or decreasing the predetermined treatment period after a pre-
determined amount of time.

21. A method of controlling a heart assist device, the
method comprising:

detecting a characteristic of a heart with a sensor;

transmitting a signal relating to the heart characteristic to

an electrical therapy device via the sensor;

actuating the electrical therapy device to transmit a signal

to a lead based at least in part on the heart characteristic
signal;

transmitting a signal to a controller, wherein the transmit-

ting the signal to the controller is based at least in part on
the heart characteristic signal; and

actuating amechanical heart assist device with an actuating

signal from the controller, wherein the actuating is based
at least in part on the signal to the controller.

22. The method of claim 21, wherein the signal is a pacing
signal.

23. The method of claim 21, wherein the signal is a defibril-
lation signal.
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