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ADJUSTING PUMP PROTOCOL BASED ON
IRREGULAR HEART RHYTHM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Application No. 62/478,424, filed Mar. 29,
2017, the entire contents of which are hereby incorporated
by reference herein in its entirety for all purposes.

[0002] The present application is related to U.S. Provi-
sional Application No. 62/478,452, filed Mar. 29, 2017, and
concurrently filed U.S. Non-Provisional Application No.

[Atty. Docket No. 096205-029010US-1073113],
entitled “COMMUNICATION METHODS AND ARCHI-
TECTURE FOR HEART TREATMENT SYSTEMS”; each
of which is assigned to the same assignee as the present
application and incorporated by reference herein in its
entirety for all purposes.

BACKGROUND

[0003] The present invention generally relates to heart
failure and disease state management systems, and in vari-
ous respects, methods and systems for communicating infor-
mation between an implantable blood pump and another
device like a cardiac rhythm management device.

[0004] Cardiovascular disease remains the leading cause
of death globally. Nearly one third of deaths in the U.S. are
caused by heart disease, stroke, and other cardiovascular
diseases according to the American Heart Association.
Nearly one in ten deaths have cardiovascular disease as a
contributing factor. Because of the size of this epidemic—
nearly 6 million adults in the United States live with heart
failure—there remains a need for improving the early diag-
nosis and treatment of cardiovascular disease. Many people
unknowingly live with heart disease until they experience a
significant event.

[0005] More recently, Ventricular Assist Devices (VADs)
have become increasingly common for treating advanced
heart failure. Advanced heart failure patients usually refers
to patients in New York Heart Association (NYHA) Class 111
or IV. VAD therapy patients often have several comorbidi-
ties such as renal failure, respiratory failure, and other
cardiovascular diseases. VAD patients often have other heart
failure devices including implanted pacemakers (IPM),
implantable cardioverter defibrillators (ICD), cardiac resyn-
chronization therapy (CRT) devices, monitoring systems
(e.g. CardioMEMS, implantable cardiac monitors, etc.),
and/or other heart failure management devices. While VADs
and implantable cardiac rhythm management devices sepa-
rately provide beneficial heart assist functions, it may be
advantageous to communicate information between the
implanted devices to diagnose disease, improve therapy
through device coordination, and more. And because these
systems are not designed to interoperate at present, there is
a need for systems and methods to establish communication
and interoperability.

[0006] There is a need for improved systems for diagnos-
ing and treating heart disease. There is a need for systems
and methods for coordinating one or more heart assist
devices.
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SUMMARY

[0007] The present invention generally relates to heart
assist systems and therapy. In some aspects, an implantable
blood pump is provided. In some aspects, an implantable
CRM/ICD or CRT device is provided. In still further aspects
of the present invention, a heart assist system is provided
that includes an implantable blood pump and an implantable
cardiac rhythm management device in coordination with
each other. Moreover, other aspects are generally related to
methods of communication between two or more heart assist
devices.

[0008] Communicating information between an implant-
able blood pump and an implantable cardiac rhythm man-
agement device can be beneficial. At first glance, such a goal
may seem simple and straightforward, however such coor-
dination between implanted devices comes with a variety of
challenges. For instance, Medical Implant Communications
Services (MICS) band radio transceivers, which are gener-
ally found in CRTs, IPMs and ICDs, may require high power
demands for communicating information to the VAD. Such
a communications scheme in turn may drastically reduce
battery life of a pacemaker by several months to years and,
thereby require more frequent and invasive replacement
procedures. Similarly, such a communication scheme may
require more frequent battery recharging of VAD systems,
thereby requiring the patient to be tethered to a power source
more frequently and inconveniencing the patient. As such, it
may be advantageous to limit the power requirements for the
communication scheme between the implanted devices
because of the limited power source available to these
implants. Accordingly, aspects of the present invention
address one or more such challenges.

[0009] In some embodiments, a method of assisting a
heart of a patient is provided. The method may include
sensing a series of electrical pulses from an implantable
cardiac rhythm management device electrically pacing the
heart of the patient at a first frequency with electrical pulses
with a first duration and first voltage. In various embodi-
ments, the sensing can be performed using an implantable
blood pump coupled to a heart of a patient. In various
embodiments, a sensor is provided for performing the elec-
trical pulse sensing, and the sensor outputs related informa-
tion to the blood pump. The series of electrical pulses from
the implantable cardiac rhythm management device sensed
by the implantable blood pump may be associated with a
type of abnormal heart rhythm detected by the implantable
cardiac rhythm management device. Accordingly, in some
embodiments, the implantable cardiac rthythm management
device may be configured to sense the heart’s electrical
activity to determine when the heart is experiencing an
abnormal heart rhythm. Additionally, the implantable car-
diac rhythm management device may be configured to
encode the detected information into the series of electrical
pulses sent to the implantable blood pump to specifically
identify a type of abnormal heart rhythm detected. For
example, the series of electrical pulses may be provided at
a second frequency different than the first frequency or may
include electrical pulses with a second duration or second
voltage different than the first duration or first voltage. The
method may further include determining, with the implant-
able blood pump, the type of abnormal heart rhythm
detected by the implantable cardiac rhythm management
device by analyzing a frequency of the series of electrical
pulses, durations of each of the electrical pulses of the series
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of electrical pulses, or voltages of each of the electrical
pulses of the series of electrical pulses. Thereafter, a pump-
ing protocol of the implantable blood pump may be adjusted
based on the type of abnormal heart rhythm determined by
the analysis.

[0010] Insome embodiments, the implantable blood pump
determines the type of abnormal heart rhythm by analyzing
the frequency of the series of electrical pulses. In some
embodiments, the implantable blood pump determines the
type of abnormal heart rhythm by referencing a database
associating frequencies of sensed electrical pulses with types
of abnormal heart rhythm and matches at type of abnormal
heart rhythm with the received series of electrical pulses. In
some embodiments, the implantable blood pump determines
the type of abnormal heart rhythm by comparing the fre-
quency of the series of electrical pulses to one or more
frequency thresholds.

[0011] Optionally, the implantable blood pump determines
the type of abnormal heart rhythm by analyzing durations of
each of the electrical pulses of the series of electrical pulses.
The series of electrical pulses may comprise a first pulse
with a first duration and a second pulse with a second
duration that is different than the first pulse.

[0012] In some embodiments, the type of abnormal heart
rhythm is determined to be a fibrillation of the heart and the
pumping protocol may be adjusted to cease the pumping of
the implantable blood pump for a predetermined duration of
time.

[0013] Insomeembodiments, a heart assist system may be
provided. The system may include an implantable blood
pump configured to couple with a circulatory system of a
patient and to pump blood therethrough. The implantable
blood pump may include a pump processor configured to
sense a series of electrical pulses from an implantable
cardiac rhythm management device electrically pacing the
heart of the patient at a first frequency with electrical pulses
with a first duration and a first voltage. The series of
electrical pulses from the implantable cardiac rhythm man-
agement device configured to be sensed by the pump pro-
cessor may be associated with a type of abnormal heart
rhythm detected by the implantable cardiac rhythm man-
agement device and may be at a second frequency different
than the first frequency or including electrical pulses with a
second duration different than the first duration or a second
voltage different than the first voltage. The pump processor
may be configured to determine the type of abnormal heart
rhythm detected by the implantable cardiac rhythm man-
agement device by analyzing a frequency of the series of
electrical pulses, durations of each of the electrical pulses of
the series of electrical pulses or voltages of each of the
electrical pulses of the series of electrical pulses. The pump
processor can be configured to adjust a pumping protocol of
the implantable blood pump based on the type of abnormal
heart rhythm determined by the analysis.

[0014] In some embodiments, the pump processor is con-
figured to determine the type of abnormal heart rhythm by
analyzing the frequency of the series of electrical pulses. In
some embodiments, the pump processor is configured to
determine the type of abnormal heart rhythm by referencing
a database associating frequencies of sensed electrical pulses
with types of abnormal heart rhythm. Optionally, the pump
processor determines the type of abnormal heart rhythm by
comparing the frequency of the series of electrical pulses to
one or more frequency thresholds.
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[0015] In some embodiments, the pump processor deter-
mines the type of abnormal heart rhythm by analyzing
durations of each of the electrical pulses of the series of
electrical pulses. The series of electrical pulses may include
a first pulse with a first duration and a second pulse with a
second duration that is different than the first pulse.

[0016] In some embodiments, when the type of abnormal
heart rhythm is determined to be a fibrillation of the heart,
the pumping processor adjusts the pumping protocol to
cease the pumping of the implantable blood pump for a
predetermined duration of time.

[0017] Optionally, the electrical pulses of the series of
electrical pulses comprise square wave signals.

[0018] In still further embodiments, a method of assisting
a heart of a patient. The method may include receiving,
through a first lead having a first end coupled with an
implantable cardiac rhythm management device and a sec-
ond end opposite the first end coupled with a pump proces-
sor of an implantable blood pump, an electrical pace signal
from the implantable cardiac rhythm management device.
The implantable cardiac thythm management device may be
configured to deliver the electrical pace signal to pump
processor of the implantable blood pump with each heart
stimulation pulse delivered to the heart of the patient by the
implantable cardiac rhythm management device. A pumping
of the implantable blood pump may be adjusted based on the
received electrical pace signal with the pump processor.

[0019] The electrical pace signal may be a square wave
signal with a frequency equal to a heart rate of the patient.

[0020] The pump processor may be configured to compare
a frequency of the electrical pace signal with a first fre-
quency threshold and a second frequency threshold that is
greater than the first frequency threshold.

[0021] Optionally, the pump processor may adjust the
pumping of the implantable blood pump to a first speed
when the frequency of the electrical pace signal is below the
first frequency threshold, a second speed when the frequency
of the electrical pace signal is above the first frequency
threshold and below the second frequency threshold, and a
third speed when the frequency of the electrical pace signal
is above the first frequency threshold and the second fre-
quency threshold. The first speed may be less than the
second speed and the second speed may be less than the third
speed.

[0022] The method may also include detecting, with the
implantable cardiac rhythm management device, an abnor-
mal heart rhythm of the heart of the patient, and delivering,
with the implantable cardiac rhythm management device, a
unique series of electrical pulses through the first lead to the
pump processor of the implantable blood pump. Thereafter,
the method may include differentiating, with the pump
processor, the unique series of electrical pulses from the
electrical pace signal which the implantable cardiac rhythm
management device delivers simultaneously with the heart
stimulation pulses. The received unique series of pulses may
then be associated with a pumping protocol and the pumping
protocol may be implemented in response to receiving the
unique series of pulses.

[0023] In some embodiments, the pump processor differ-
entiates the unique series of electrical pulses from the
electrical pace signal based on a duration of the electrical
pulses of the unique series of electrical pulses.
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[0024] In some embodiments, the pump processor differ-
entiates the unique series of electrical pulses from the
electrical pace signal based on a frequency of the unique
series of electrical pulses.

[0025] In some embodiments, the pump processor com-
pares the frequency of the unique series of electrical pulses
to a threshold frequency to differentiate the unique series of
electrical pulses from the electrical pace signal.

[0026] In some embodiments, electrical pulses of the
unique series of electrical pulses comprise a combination of
a first pulse with a first duration and second pulse with a
second duration different that the first pulse.

[0027] In some embodiments, the pump protocol may be
a cessation of pumping for a predetermined duration of time.
[0028] In further aspects, a heart assist system may be
provided that includes an implantable blood pump config-
ured to couple with a circulatory system of a patient and to
pump blood therethrough. The implantable blood pump may
include a pump processor, the punp processor including an
input. An implantable cardiac rhythm management device
may be provided that is configured to deliver heart stimu-
lation pulses to a heart of the patient. A first lead having a
first end and a second end opposite the first end may be
provided. The first end of the first lead may couple with the
implantable cardiac rhythm management device and the
second end of the first lead may couple with the input of the
pump processor.

[0029] The implantable cardiac rhythm management
(CRM) device may be configured to deliver an electrical
pace signal through the first lead to the implantable blood
pump with each heart stimulation pulse delivered to the
heart of the patient. In various embodiments, a sensor
system is provided for sensing the pulses from the CRM
device. In various embodiments, a detector is provided in the
VAD for receiving the signals from the CRM device. A
converter in the VAD may be provided to convert the signals
in the frequency and/or time domain. A converter may be
provided to convert the signals between AC and/or DC.
[0030] The pump processor of the implantable blood
pump may be configured to receive the electrical pace signal
from the implantable cardiac rhythm management device
and to adjust a pumping of the implantable blood pump
based on the received electrical pace signal.

[0031] In some embodiments, the electrical pace signal
comprises a square wave signal with a frequency equal to a
heart rate of the patient.

[0032] In some embodiments, the pump processor of the
implantable blood pump is configured to compare a fre-
quency of the electrical pace signal with a first frequency
threshold and a second frequency threshold that is greater
than the first frequency threshold. For example, the proces-
sor of the implantable blood pump may adjust the pumping
of the implantable blood pump to a first speed when the
frequency of the electrical pace signal is below the first
frequency threshold, a second speed when the frequency of
the electrical pace signal is above the first frequency thresh-
old and below the second frequency threshold, and a third
speed when the frequency of the electrical pace signal is
above the first frequency threshold and the second frequency
threshold. The first speed may be less than the second speed
and the second speed may be less than the third speed.
[0033] In some embodiments, the implantable cardiac
rhythm management device comprises a pacemaker. Option-
ally, the pacemaker comprises one or more second leads, a
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header, and internal circuitry for coordinating pacing the
heart of the patient with the one or more second leads. The
one or more second leads may couple to the internal circuitry
through the header of the pacemaker. The first lead may
couple the internal circuitry of the pacemaker to the input of
the pump processor of the implantable blood pump through
the header of the pacemaker. In some embodiments, the one
or more second leads and the first lead have the same
configuration.

[0034] In some embodiments, the implantable cardiac
rhythm management device is configured to detect an abnor-
mal heart rhythm of the heart of the patient. The implantable
cardiac rhythm management device may also be configured
to deliver a unique series of electrical pulses through the first
lead to the pump processor of the implantable blood pump.
The pump processor may differentiate the unique series of
electrical pulses from the electrical pace signal which the
implantable cardiac rhythm management device delivers
simultaneously with the heart stimulation pulses and may
associate the received unique series of pulses with a pump-
ing protocol. Thereafter, the processor may implement the
pumping protocol in response to receiving the unique series
of pulses.

[0035] In some embodiments, the pump processor differ-
entiates the unique series of electrical pulses from the
electrical pace signal based on a duration or a voltage of the
electrical pulses of the unique series of electrical pulses.
[0036] In some embodiments, the pump processor differ-
entiates the unique series of electrical pulses from the
electrical pace signal based on a frequency of the unique
series of electrical pulses. For example, the pump processor
may be configured to compare the frequency of the unique
series of electrical pulses to a threshold frequency to differ-
entiate the unique series of electrical pulses from the elec-
trical pace signal.

[0037] Optionally, electrical pulses of the unique series of
electrical pulses comprise a combination of a first pulse with
a first duration and a second pulse with a second duration
different from the first pulse.

[0038] Various aspects of the invention are directed to a
method of detecting heart failure comprising using the
system(s) according to any of paragraphs [0026] to [0035].
[0039] Embodiments of the invention covered by this
patent are defined by the claims below, not this summary.
This summary is a high-level overview of various aspects of
the invention and introduces some of the concepts that are
further described in the Detailed Description section below.
This summary is not intended to identify key or essential
features of the claimed subject matter, nor is it intended to
be used in isolation to determine the scope of the claimed
subject matter. The subject matter should be understood by
reference to appropriate portions of the entire specification
of this patent, any or all drawings, and each claim.

[0040] The invention will be better understood upon read-
ing the following description and examining the figures
which accompany it. These figures are provided by way of
illustration only and are in no way limiting on the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Further details, aspects, and embodiments of the
invention will be described by way of example only and with
reference to the drawings. In the drawings, like reference
numbers are used to identify like or functionally similar
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elements. Elements in the figures are illustrated for simplic-
ity and clarity and have not necessarily been drawn to scale.
[0042] FIG. 1 illustrates an exemplary system of the
present invention.

[0043] FIG. 2 illustrates an exemplary train of heart stimu-
lation pulses according to some embodiments.

[0044] FIG. 3 illustrates an exemplary series of electrical
pulses from an implantable cardiac rhythm management
device to a blood pump to communication physiological
information.

[0045] FIG. 4 illustrates another exemplary series of elec-
trical pulses from an implantable cardiac rhythm manage-
ment device to a blood pump to communication physiologi-
cal information.

[0046] FIG. 5illustrates another exemplary series of elec-
trical pulses from an implantable cardiac rhythm manage-
ment device to a blood pump to communication physiologi-
cal information.

[0047] FIG. 6 illustrates another exemplary series of elec-
trical pulses from an implantable cardiac rhythm manage-
ment device to a blood pump to communication physiologi-
cal information.

DETAILED DESCRIPTION

[0048] The present invention generally relates to heart
assist systems and in particular methods and systems for
communicating information between an implantable blood
pump and an implantable cardiac rhythm management
device.

[0049] FIG. 1 illustrates an exemplary heart treatment or
support system 10 of the present invention. As used herein,
“heart treatment system,” “heart support system,” and “car-
diovascular system” are used somewhat interchangeably.
Heart treatment system 10 includes an implantable blood
pump 12 and an implantable cardiac rhythm management
device 14. In various embodiments, the blood pump refers to
a ventricular assist system including a pump, battery, and
peripherals. In various respects, “heart treatment system”
can be used to refer to one or more cardiovascular systems.
In one example, heart treatment system refers to a combined
system including two subsystems: a left ventricular assist
system and a cardiac rhythm management system. In some
embodiments, the implantable blood pump 12 and the
implantable cardiac rhythm management device 14 may be
operatively coupled to one another by a communication line
16 to share information between the implanted devices. In
some embodiments, the implantable cardiac rhythm man-
agement device 14 may send information to the implantable
blood pump 12 through the communication line 16. In other
embodiments the implantable blood pump 12 may send
information to the implantable cardiac rhythm management
device 14 through the communication line 16. And in further
aspects, information may be passed from the implantable
cardiac rhythm management device 14 to the implantable
blood pump 12 and vice-versa.

[0050] The blood pump 12 may be configured to couple
with the circulatory system (e.g., heart 1) of the patient and
to assist in pumping blood therethrough. In some embodi-
ments, the pump 12 includes a pump housing 18 and an inlet
cannula 20 and an outlet 22 extending from the housing 18.
In some embodiments, the pump 12 may further include an
external control module 23. In some embodiments, the pump
can be configured similar to an LVAD described in U.S.
Patent Publication 2015/0290374; U.S. Patent Publication
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2014/0188148; U.S. Pat. No. 9,091,271; U.S. Pat. No.
8,794,989, U.S. Pat. No. 8,682,431; and/or U.S. Pat. No.
8,894,561, the contents of which are incorporated herein by
reference in their entirety.

[0051] The housing 18 may house a rotor of the blood
pump 12 an may also include on-board electronics 24 (e.g.,
processor, battery, sensors, etc.). The inlet cannula 20 may
be configured to couple with a chamber of the heart 1 and the
rotor of blood pump 12 may draw blood from a coupled
heart chamber and output blood through output 22. The
output 22 of the pump 12 may couple with a vascular graft
assembly 26 which may be coupled with another portion of
the patient’s circulatory system (e.g., aorta, or the like) to
deliver the pumped blood back into the circulatory system of
the patient.

[0052] In some embodiments, an external control module
23 may be provided to send commands to and receive data
from on-board electronics 24 of pump 12. The external
control module 23 may be coupled with the pump by a
percutaneous cable 27. In some embodiments, one or more
batteries 25 may be coupled with the external control
module 23 to power the control module 23. The batteries 25
may be external batteries or internal batteries 25.

[0053] While pump 12 is generally illustrated as a cen-
trifugal pump, it should be understood that the communi-
cations systems and methods described herein are not lim-
ited to centrifugal pumps, but are equally applicable to other
pump designs (e.g., axial flow or mixed flow, etc.). Addi-
tionally, while pump 12 is illustrated as supporting the left
ventricle, it should be understood that the pump 12 may be
coupled with other portions of the heart 1, such as the right
ventricle or other chambers of the heart 1, or other catheter
or intravascular pump systems that couple to cardiovascular
locations (e.g., descending aorta and other intravascular
placements).

[0054] The implantable cardiac rhythm management
device 14 may be configured to couple with one or more
portions of the heart 1 of the patient to pace, resynchronize,
and/or sense electrical activity of the heart 1. In some
embodiments, the device 14 can be configured similar to a
devices described in U.S. Pat. No. 8,180,448; U.S. Pat. No.
8,295,939; U.S. Pat. No. 8,543,205; U.S. Pat. No. 7,945,333;
U.S. Pat. No. 8,295,939; U.S. Pat. No. 7,853,325; U.S. Pat.
No. 8,145,324; U.S. Pat. No. 8,180,448; U.S. Pat. No.
8,224,462, U.S. Pat. No. 8,364,283; U.S. Pat. No. 8,712,544;
U.S. Pat. No. 8,897,887; U.S. Pat. No. 7,245,117; U.S. Pat.
No. 7,439,723; U.S. Pat. No. 7.498,799; U.S. Pat. No.
7,550,978; U S. Pat. No. 7,679,355; U.S. Pat. No. 7,839,153;
U.S. Pat. No. 6,111,520; and/or U.S. Pat. No. 6,278,379, the
contents of which are incorporated herein by reference in
their entirety. In some embodiments, the implantable cardiac
rhythm management device 14 may include a housing 28, a
header 30, and one or more leads 32.

[0055] The housing 28 may house on-board electronics 34
of the implantable cardiac rhythm management device 14
(e.g., processor, sensor(s), battery, etc.). The header 30 may
provide an interface between the electronics 34 and the one
or more leads 32 extending from the housing 28.

[0056] The one or more leads 32 may operably couple the
implantable cardiac rhythm management device 14 to the
heart 1 of the patient for pacing, resynchronizing, and/or
sensing electrical activity of the heart 1. The one or more
leads 32 may couple the implantable cardiac rhythm man-
agement device 14 to the right ventricle, right atrium, left
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ventricle, and/or the left atrium depending on the type of
implantable cardiac rhythm management device 14 and
treatment needed.

[0057] In some embodiments, the implantable cardiac
rhythm management device 14 may be a pacemaker, CRT,
ICD, or the like. Additionally, while generally illustrated as
coupling, e.g., via leads, with the endocardium, the implant-
able cardiac rhythm management device 14 may be config-
ured to couple with portions of the epicardium to carry out
its functions.

[0058] Communication line 16 may couple the implant-
able blood pump 12 with the implantable cardiac rhythm
management device 14 so that information may be shared
from one implant to the other. For example, the communi-
cation line 16 may have a first end that couples to the
on-board electronics 34 of the implantable cardiac rhythm
management device 14 and a second end that couples to the
on-board electronics 24 of the implantable blood pump 12.
In some embodiments, the first end connects to the on-board
electronics 34 of the implantable cardiac rhythm manage-
ment device 14 through an open through-hole or plug in the
header of the implantable cardiac rhythm management
device 14. In some embodiments, the communication line 16
provides an electrical connection between the implantable
blood pump 12 and the implantable cardiac rhythm man-
agement device 14. Optionally, the communication line 16
may be a lead that may be similar in configuration to the one
or more leads 32. As such, the communication line 16 may
couple to the on-board electronics 34 of the implantable
cardiac rhythm management device 14 through the header
30.

[0059] In certain embodiments, the communication line 16
may provide an optical connection between the implantable
blood pump 12 and the implantable cardiac rhythm man-
agement device 14. An optical connection may be desirable
in some situations because the optical cable may be more
resistant to corrosion and infection during long term implan-
tation of the implant 14 and may be faster and higher
resolution signaling, compared to an implant using an elec-
trical connection. However, an electrical connection may be
beneficial in some situations as fewer modifications are
required to existing implantable cardiac rhythm manage-
ment devices.

[0060] As set forth above, the heart treatment system 10
may improve patient treatment due to the fact that informa-
tion may be shared between the implanted devices 12, 14. In
some embodiments, the implantable cardiac rhythm man-
agement device 14 may be configured to deliver heart
stimulation pulses to the heart 1 of the patient to pace the
patient’s heart 1. FIG. 2 illustrates an exemplary train of
heart stimulation pulses 100 according to some embodi-
ments. In some embodiments, the heart stimulation pulses
100 may comprise a series of square wave signals.

[0061] In some embodiments, the train of heart stimula-
tion pulses 100 delivered are pre-programmed at constant
frequency. Optionally, the implantable cardiac rhythm man-
agement device 14 may adjust the frequency of the train of
heart stimulation pulses 100 based on the patient’s needs.
For example, in some embodiments, the on-board electron-
ics 34 of the implantable cardiac rhythm management device
14 may include a sensor (e.g., activity sensor, accelerometer,
timers) for estimating physical exertion by the patient and/or
the time of day. The frequency of heart stimulation pulses
100 may be increased during higher activity (e.g., walking)
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and/or day time and lowered during lower activity (e.g.,
sleeping or resting) and/or night time.

[0062] In some embodiments, in addition to delivering
heart stimulation pulses 100 to the heart 1 of the patient, the
implantable cardiac rhythm management device 14 may also
be configured to deliver an electrical pace signal through the
communication line 16 to the implantable blood pump 12
with each heart stimulation pulse delivered to the heart 1. In
at least some embodinents, the electrical pace signal deliv-
ered to the implantable blood pump 12 is similar or identical
to the heart stimulation pulses 100 delivered to the heart 1
of the patient in frequency, voltage, and/or duration. This
may be advantageous in reducing the power requirements
for communication information between the implanted
devices.

[0063] The pump processor of the implantable blood
pump 12 may be configured to receive the electrical pace
signal from the implantable cardiac rhythm management
device 14 and may adjust a pumping of the implantable
blood pump 12 based on the received electrical pace signal.
In embodiments where the implantable cardiac rhythm man-
agement device 14 is configured to adjust the frequency of
the train of heart stimulation pulses 100 based on the
patient’s needs, so too will the frequency of the electrical
pace signal delivered to the pump 12. In response, an
implantable blood pump 12 may provide additional pump-
ing when the frequency of the electrical pace signal
increases to further assist the patient’s heart in pumping
blood. Similarly, the implantable blood pump 12 may
decrease pumping when the frequency of the electrical pace
signal decreases, indicating a lower heart rate and a
decreased need for blood circulation. Such adjustments in
blood pumping may be advantageous in reducing adverse
events in pumping action (e.g., suction events or the like). As
such, the implantable blood pump may leverage one or more
activity sensors of the implantable cardiac rhythm manage-
ment device to adjust pumping. The one or more activity
sensors may comprise electrical pulse detection (e.g., heart
rate sensing), one or more accelerometers, time stamp
information for time of day information, etc. Thus, the
implantable cardiac rhythm management device may be
configured to detect patient activity or position (e.g., sitting,
standing, laying, walking, running, etc.) or infer activity
(e.g., using an internal clock to determine time of day or the
like) and may adjust a pacing signal delivered to the heart
and/or the pump.

[0064] In some embodiments, the implantable cardiac
rhythm management device 14 may continuously adjust
frequency of the heart stimulation pulses 100 and the
electrical pace signal or may switch between one or more
pre-programmed modes (e.g., high activity, low activity,
resting, sleeping, etc.) to adjust for patient needs throughout
the day. Similarly, the implantable blood pump 12 may also
continuously adjust pumping of blood in response to
changes in frequency of the received electrical pace signal or
may switch between one or more pre-programmed pumping
modes. For example, the pump processor may be configured
to compare a frequency of the electrical pace signal with one
or more frequency thresholds. In some embodiments, a first
frequency threshold and a second frequency threshold that is
greater than the first frequency threshold may be provided.
The pump processor may adjust the pumping of the implant-
able blood pump 12 to a first speed when the frequency of
the electrical pace signal is below the first frequency thresh-
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old, a second speed when the frequency of'the electrical pace
signal is above the first frequency threshold and below the
second frequency threshold, and a third speed when the
frequency of the electrical pace signal is above the first
frequency threshold and the second frequency threshold.
The first speed may be less than the second speed and the
second speed may be less than the third speed.

[0065] While the example above is described using two
separate thresholds and three separate speeds or pumping
modes, it should be understood that one or more frequency
thresholds and two or more speeds and/or pumping modes
may be utilized in other embodiments.

[0066] In some embodiments, the implantable cardiac
rhythm management device 14 may be configured to sense
electrical signals from the heart 1 and may detect an abnor-
mal heart rhythm of the patient based on the sensed electrical
signals. Optionally, the implantable cardiac rhythm manage-
ment device 14 may deliver a unique series of electrical
pulses through the communication line 16 to the pump
processor of the implantable blood pump 12. The unique
series of electrical pulses may be associated with the specific
type of abnormal heart rhythm detected by the implantable
cardiac rhythm management device 14. In some embodi-
ments, the series of electrical pulses comprise a series of
simple square wave signals. This may be advantageous in
reducing power requirements of the communications
method.

[0067] The pump processor may receive the unique series
of electrical pulses and may decode the unique series of
electrical pulses to determine the type of abnormal heart
rhythm being experienced by the patient. In response, the
pump processor may be configured to adjust and implement
a pumping protocol of the implantable blood pump 12 to
account for the abnormal heart rhythm. For example, in
some embodiments, the pump processor may temporarily
cease operation of the pump in the event that fibrillation of
the heart is sensed. After defibrillation, the pump 12 may
resume pumping.

[0068] In some embodiments, the pump processor may
decode the received unique series of electrical pulses using
a look-up table. For example, the processor may compare
the received series of electrical pulses to a database that
stores a plurality of different possible signals and associates
each of these possibilities with a type of abnormal heart
rhythm. By identifying a match between the received signal
and the signal stored in the database, the pump processor
may then match the received signal with a specific type of
abnormal heart rhythm signaled by the implantable cardiac
rhythm management device 14.

[0069] Optionally, the pump processor may decode the
received unique series of electrical using one or more
thresholds. For example, one or more frequency, voltage,
and/or duration thresholds may be utilized to decode the
received unique series of electrical pulses.

[0070] In some embodiments, the implantable cardiac
rhythm management device 14 may be configured to deliver
heart stimulation pulses 100 to the heart 1 and also config-
ured to sense electrical signals from the heart to detect
abnormal heart rhythms. Accordingly, in some embodi-
ments, the implantable cardiac rhythm management device
14 may deliver an electrical pace signal through the com-
munication line 16 to the implantable blood pump 12 with
each heart stimulation pulse delivered to the heart 1 and also
a unique series of electrical pulses through the communica-
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tion line 16 to the pump processor of the implantable blood
pump 12 when an abnormal heart rhythm is detected. The
pump processor may differentiate the unique series of elec-
trical pulses from the electrical pace signal 100 which the
implantable cardiac rhythm management device 14 delivers
simultaneously with the heart stimulation pulses and may
associate the received unique series of pulses with a pump-
ing protocol. Thereafter, the processor may implement the
pumping protocol in response to receiving the unique series
of pulses while also adjusting pumping for heart rate.

[0071] For example, FIGS. 3-6 illustrate a plurality of
exemplary electrical pulses 200a-2004 from an implantable
cardiac rhythm management device 14 to a blood pump 12
to communication physiological information. In FIG. 3, the
series of electrical pulses 200a may comprise a series of
square wave signals. The series of electrical pulses 200a
may include the electrical pace signal 100 that is associated
with the heart stimulation pulses delivered to the patient.
Additionally, the series of electrical pulses 200a¢ may also
include the unique series of electrical pulses 3004 associated
with a type of abnormal heart rhythm detected by the
implantable cardiac rhythm management device 14. As
illustrated, in some embodiments, the unique series of
electrical pulses 300a may overlap in time with the electrical
pace signal 100. In this embodiment, the pump processor
may differentiate the series of electrical pulses 3004 from the
pace signal 100 based on a voltage of the electrical pulses in
the series of electrical pulses 200a. For example, the voltage
of the pace signal 100 may be higher or lower than the
electrical pulses associated with the abnormal heart rhythm.
Accordingly, in some embodiments, the pump processor
may utilize a voltage threshold to differentiate the series of
electrical pulses 3000 from the pace signal 100. After
differentiating the series of electrical pulses 300a from the
pace signal 100, the pump processor may adjust the pump 12
according to one or both of the signals received from the
implantable cardiac rhythm management device 14. While
the series of electrical pulses 300« is illustrated as including
a plurality of higher voltage electrical pulses, it should be
understood that a single higher or lower voltage pulse may
be delivered to indicate the detection of an abnormal heart
thythm.

[0072] FIG. 4 illustrates another exemplary series of elec-
trical pulses 2005 from an implantable cardiac rhythm
management device 14 to a blood pump 12 to communica-
tion physiological information. The pump 12 may differen-
tiate the series of electrical pulses 3005 (associated with the
abnormal heart condition) from the pace signal 100 (asso-
ciated with the heart stimulation signals) based on a fre-
quency of the electrical pulses in the series of electrical
pulses 200b. For example, the electrical pulses 3005, asso-
ciated with the abnormal heart rhythm, may be delivered to
the pump 12 at a higher frequency than the pacing signal
100. Accordingly, in some embodiments, the pump proces-
sor may utilize a frequency threshold to differentiate the
series of electrical pulses 3005 from the pace signal 100. For
example, given that the pacing signal 100 is associated with
a heart rate of the patient, it would be understood that there
is an upper limit to this rate. The series of electrical pulses
3005 associated with the abnormal heart rhythm may be
delivered to the pump 12 at a frequency which exceeds the
heart rate upper limit. For example, in some embodiments,
the upper limit may be based on a highest expected heart rate
for a heart failure patient. For example, the upper limit may
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be 120 bpm in some instances, 150 bpm, 160 bpm, 200 bpm,
or more (e.g., 250 bpm) in other instances. Optionally, the
implantable cardiac rhythm management device 14 may be
preprogrammed with an maximum heart stimulation rate
(e.g., for safety purposes or the like). The series of electrical
pulses 3005 associated with the abnormal heart rhythm may
be delivered to the pump 12 at a frequency which exceeds
the preprogrammed maximum heart stimulation rate of the
implantable cardiac rhythm management device 14. As such,
the pump 12, when receiving electrical pulses that exceed
this frequency threshold would automatically recognize that
the series of pulses are associated with a type of abnormal
heart rhythm and may proceed to decode the type detected.
Thereafter, the pump processor may adjust the pump 12
accordingly.

[0073] FIG. 5illustrates another exemplary series of elec-
trical pulses 200¢ from an implantable cardiac rhythm
management device 14 to a blood pump 12 to communica-
tion physiological information. In this embodiment, the
pump processor may differentiate the electrical pulse 300¢
(associated with the abnormal heart condition) from the pace
signal 100 (associated with the heart stimulation signals)
based on a duration of the electrical pulses in the series of
electrical pulses 200c. For example, the electrical pulse 300¢
may have a longer duration than the pulses associated with
the pace signal 100. Accordingly, in some embodiments, the
pump processor may utilize a pulse duration threshold to
differentiate the electrical pulse 300¢ from the pace signal
100. While only a single electrical pulse 300c¢ is illustrated,
it should be understood that one or more electrical pulses
300¢ may be associated with different types of abnormal
heart conditions. Additionally, more complex information
may be transmitted to the pump 12 and decoded if electrical
pulse 300c¢ is transmitted in varying combinations of long
pulses and short pulses, similar to Morse code.

[0074] FIG. 6 illustrates another exemplary series of elec-
trical pulses 2004 from an implantable cardiac rhythm
management device 14 to a blood pump 12 to communica-
tion physiological information. The pump processor may
differentiate the series of electrical pulses 3004 from the
pace signal 100 (associated with the heart stimulation sig-
nals) based on a duration, voltage and/or frequency of the
electrical pulses in the series of electrical pulses 200c. By
varying the voltage, duration, and/or frequency of the elec-
trical pulses of the series 300d, the implantable cardiac
rhythm management device 14 may be able to deliver more
complex information including, but not limited to, the
abnormal heart conditions detected by the implantable car-
diac rhythm management device 14. Thereafter, the pump
processor may adjust and implement the pump protocol,
similar to the embodiments described above.

[0075] In some embodiments, a unique series of electrical
pulses may be indicative of a start/stop to a communication.
For example, a first unique series of electrical pulses may be
received by the pump 12 which are indicative of a start of
communication. A second unique series of electrical pulses
may follow the first unique series of electrical pulses which
communicate specific information to the pump 12. A third
unique series of electrical pulses may be indicative of a stop
to communication. The first and third unique series of
electrical pulses may be identical or different. The start
communication signal may cause the pump processor to
“wake up” and start receiving the second series of electrical
pulses associated with the information transmitted by the
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implantable cardiac rhythm management device 14. Simi-
larly the stop communication signal may cause the pump
processor standby until the next start communication signal
is received.

[0076] In some embodiments, the implantable cardiac
rhythm management device and the implantable blood pump
may be configured to communicate wirelessly. For example
in some embodiments, the implantable cardiac rhythm man-
agement device may encode information (sensed patient
information, time stamps, etc.) and transmit the information
by Bluetooth communication to the implantable blood
pump. As such, the implantable blood pump may be con-
figured to receive the Bluetooth signal from the implantable
cardiac rhythm management device and to decode the signal
to determine the type of information sent from the implant-
able cardiac rhythm management device (e.g., heart rate
information, abnormal heart rhythm detection, information
associated with patient position or activity, etc.). Thereafter,
the implantable blood pump may be configured to adjust a
pumping operation (changing pumping modes, speeds, etc.).
[0077] In some embodiments, the implantable cardiac
rhythm management device and implantable blood pump
may communicate through the conductive pathways of the
tissue, similar to the communication methods and systems
described in U.S. Patent Publication No. 2007/0088397, the
contents of which are incorporated herein by reference in
their entirety. Accordingly, in some embodiments, the
implantable cardiac rhythm management device may com-
municate by emitting an electric field which may be con-
ducted through the tissue and detected by one or more
sensors of the implantable blood pump.

[0078] While the above systems are generally described
for communication between implanted devices, it should be
understood that the cardiac rhythm management device
and/or the pump may not be fully implanted in other
embodiments.

[0079] One or more computing devices may be adapted to
provide desired functionality by accessing software instruc-
tions rendered in a computer-readable form. When software
is used, any suitable programming, scripting, or other type
of language or combinations of languages may be used to
implement the teachings contained herein. However, soft-
ware need not be used exclusively, or at all. For example,
some embodiments of the methods and systems set forth
herein may also be implemented by hard-wired logic or
other circuitry, including but not limited to application-
specific circuits. Combinations of computer-executed soft-
ware and hard-wired logic or other circuitry may be suitable
as well.

[0080] Embodiments of the methods disclosed herein may
be executed by one or more suitable computing devices.
Such system(s) may comprise one or more computing
devices adapted to perform one or more embodiments of the
methods disclosed herein. As noted above, such devices may
access one or more computer-readable media that embody
computer-readable instructions which, when executed by at
least one computer, cause the at least one computer to
implement one or more embodiments of the methods of the
present subject matter. Additionally or alternatively, the
computing device(s) may comprise circuitry that renders the
device(s) operative to implement one or more of the meth-
ods of the present subject matter.

[0081] Any suitable computer-readable medium or media
may be used to implement or practice the presently-dis-
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closed subject matter, including but not limited to, diskettes,
drives, and other magnetic-based storage media, optical
storage media, including disks (e.g., CD-ROMS, DVD-
ROMS, variants thereof] etc.), flash, RAM, ROM, and other
memory devices, and the like.

[0082] The subject matter of the present invention is
described here with specificity, but the claimed subject
matter may be embodied in other ways, may include differ-
ent elements or steps, and may be used in conjunction with
other existing or future technologies.

[0083] This description should not be interpreted as imply-
ing any particular order or arrangement among or between
various steps or elements except when the order of indi-
vidual steps or arrangement of elements is explicitly
described. Different arrangements of the components
depicted in the drawings or described above, as well as
components and steps not shown or described are possible.
Similarly, some features and sub-combinations are useful
and may be employed without reference to other features
and sub-combinations. Embodiments of the invention have
been described for illustrative and not restrictive purposes,
and alternative embodiments will become apparent to read-
ers of this patent. Accordingly, the present invention is not
limited to the embodiments described above or depicted in
the drawings, and various embodiments and modifications
may be made without departing from the scope of the claims
below.

What is claimed is:

1. A method of assisting a heart of a patient, the method
comprising:

sensing, with a controller of an implantable blood pump

coupled with a heart of the patient, a series of electrical
pulses from an implanted cardiac rhythm management
device electrically pacing the heart of the patient at a
first frequency with electrical pulses with a first dura-
tion of time and a first voltage, the series of electrical
pulses sensed by the controller of the implantable blood
pump being associated with a type of abnormal heart
rhythm detected by the implantable cardiac rhythm
management device and being at a second frequency
different than the first frequency or including electrical
pulses with a second duration of time different than the
first duration of time or at a second voltage different
from the first voltage;

determining, with the controller of the implantable blood

pump, the type of abnormal heart rhythm detected by
the implanted cardiac rhythm management device by
analyzing a frequency of the series of electrical pulses,
a duration of each of the electrical pulses of the series
of electrical pulses, or a voltage of each of the electrical
pulses of the series of electrical pulses; and

adjusting a pumping protocol of the implantable blood

pump based on the type of abnormal heart rhythm
determined by the analysis.

2. The method of claim 1, wherein the implantable blood
pump determines the type of abnormal heart rhythm by
analyzing the frequency of the series of electrical pulses.

3. The method of claim 2, wherein the implantable blood
pump determines the type of abnormal heart rhythm by
referencing a database associating frequencies of sensed
electrical pulses with types of abnormal heart rhythm.

4. The method of claim 2, wherein the implantable blood
pump determines the type of abnormal heart rhythm by
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comparing the frequency of the series of electrical pulses to
one or more frequency thresholds.

5. The method of claim 1, wherein the implantable blood
pump determines the type of abnormal heart rhythm by
analyzing the durations of each of the electrical pulses of the
series of electrical pulses.

6. The method of claim 5, wherein the series of electrical
pulses comprises a first pulse with a first duration and a
second pulse with a second duration that is different than the
first pulse.

7. The method of claim 1, wherein the type of abnormal
heart rhythm is determined to be a fibrillation of the heart
and wherein the pumping protocol is adjusted to cease the
pumping of the implantable blood pump for a predetermined
duration of time.

8. A heart treatment system, comprising:

an implantable blood pump configured to couple with a

circulatory system of a patient and to pump blood

therethrough, the implantable blood pump including a

pump processor configured to:

sense a series of electrical pulses from an implanted
cardiac rhythm management device electrically pac-
ing the heart of the patient at a first frequency with
electrical pulses with a first duration of time and at
a first voltage, wherein the series of electrical pulses
sensed by the pump processor are associated with a
type of abnormal heart rhythm detected by the
implanted cardiac rhythm management device and
are at a second frequency different than the first
frequency or include electrical pulses with a second
duration of time different than the first duration of
time or electrical pulses at a second voltage different
than the first voltage;

determine the type of abnormal heart rhythm detected
by the implanted cardiac rhythm management device
by analyzing a frequency of the series of electrical
pulses, a duration of each of the electrical pulses of
the series of electrical pulses, or a voltage of each of
the electrical pulses of the series of electrical pulses;
and

adjust a pumping protocol of the implantable blood
pump based on the type of abnormal heart rhythm
determined by the analysis.

9. The heart treatment system of claim 8, wherein the
pump processor is configured to determine the type of
abnormal heart rhythm by analyzing the frequency of the
series of electrical pulses.

10. The heart treatment system of claim 9, wherein the
pump processor is configured to determine the type of
abnormal heart rhythm by referencing a database associating
frequencies of sensed electrical pulses with types of abnor-
mal heart rhythm.

11. The heart treatment system of claim 9, wherein the
pump processor determines the type of abnormal heart
rhythm by comparing the frequency of the series of electri-
cal pulses to one or more frequency thresholds.

12. The heart treatment system of claim 8, wherein the
pump processor determines the type of abnormal heart
thythm by analyzing durations of each of the electrical
pulses of the series of electrical pulses.

13. The heart treatment system of claim 12, wherein the
series of electrical pulses comprises a first pulse with a first
duration and a second pulse with a second duration that is
different than the first pulse.
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14. The heart treatment system of claim 8, wherein when
the type of abnormal heart rhythm is determined to be a
fibrillation of the heart, the pumping processor adjusts the
pumping protocol to cease the pumping of the implantable
blood pump for a predetermined duration of time.

15. The heart treatment system of claim 8, wherein the
electrical pulses of the series of electrical pulses comprise
square wave signals.
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