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ABSTRACT

The various embodiments herein relate to systems and meth-
ods for controlling the operation of a pulsatile heart assist
device in apatient. The systems and methods include utilizing
sounds and electrical signals produced by the heart to control
the operation of the heart assist device.
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SYNCHRONIZATION CONTROL SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority as a continuation of
U.S. patent application Ser. No. 12/819,640, filed on Jun. 21,
2010, which claims priority as a continuation of U.S. Pat. No.
7,765,003, filed on Apr. 28, 2006 and issued on Jul. 27, 2010,
which claims priority to PCT/AU2004/01486, filed on Oct.
28, 2004, which claims priority to Australian Provisional
Patent Application No. 2003096070, filed on Oct. 21, 2003.

FIELD OF THE INVENTION

[0002] The present invention relates to methods and
devices for controlling the operation of a pulsatile heart assist
device or pacemaker.

BACKGROUND OF THE INVENTION

[0003] Counterpulsation heart assist devices must be con-
trolled to operate in a predetermined time relationship with
the pulsing of a patient’s heart. For example, the counter-
pulsation heart assist devices disclosed in the Applicant’s
above noted PCT patent application are configured to com-
press the aorta in synchrony with the diastolic period, the
beginning of which is marked by closure of the aortic valve
(which produces an audible sound known as second heart
sound, or S2) to reduce the interior volume of the aorta during
diastole. This compression increases systemic blood pres-
sure, increases blood flow through the coronary arteries and
increases diastolic output against the closed aortic valve. The
compression of the aorta is alternated with periodic with-
drawal of aortic compression following the R wave of the
ECG (indicating ventricular depolarisation), around the time,
known as presystole, of the closing of the mitral and tricuspid
valves (audibly, the first heart sound, or S1) and opening of
the aortic valve (marking the beginning of systole) to allow
the aorta to return to its normal interior volume. This with-
drawal of compression of the aorta at the time the heart is first
ejecting blood from the left ventricle unloads the heart so that
it can eject blood from the left ventricle more easily. Timing
of deflation of the device in relation to the R wave or the
detected first heart sound (S1), and inflation in relation to the
second heart sound (S2) may be varied according to specific
patients’ physiology.

[0004] Itwill be apparent to those skilled in the art that the
extent of heart assistance provided by counter-pulsation heart
assist devices depends upon accurately timing the compres-
sion and decompression of the aorta relative to the timing of
the native heart. Inembodiments of the invention which relate
to co-pulsation of the heart, the timing of compression of the
heart must be also timed to its native rhythm.

[0005] Current devices rely on the ECG, particularly the R
wave, to time deflation of the cuff, and inflation of the cuff
may be timed to the dichrotic notch of the aortic pressure
tracing, which indicates aortic valve closure. This methodol-
ogy is severely limited in its application for control of heart
assist devices and the like for a number of reasons:

[0006] 1. The ECG is good for indicating the beginning
of ventricular contraction, but does not indicate the end
of systole. Further, whilst the T-wave indicates ventricu-
lar repolarisation, it is broad-based and not very accurate
for timing purposes;

Feb. 20, 2014

[0007] 2. The systemic arterial blood pressure is very
good at highlighting the time of aortic valve closure, but
is only useful in a temporary manner, via a percutaneous
arterial line, and is not suitable for long-term use;

[0008] 3. The arterial pressure wave form is coupled to,
but delayed, the more further peripherally the arterial
pressure is measured from the aortic valve, and may not
accurately describe the time of closure of the aortic
valve; and

[0009] 4. As the heart rate varies (particularly if the
patient is suddenly exercising, or anxious, or the rhythm
is in atrial fibrillation, or depending on the contractile
state of the myocardium etc), time of opening and clo-
sure of the aortic valve after the R-wave of the ECG may
vary significantly, thus whilst the beginning of systole
can be relatively safely timed (and balloon deflation
initiated), the timing of the beginning of diastole is not
possible with ECG alone.

[0010] There is no reliable and accurate way to determine
particularly the timing of aortic valve closure long-term in
manner that allows patients to enjoy a good life-style whilst
fitted with the device.

[0011] Methods are disclosed in U.S. Pat. Nos. 5,904,666
and 6,042,532, assigned to L. Vad Technology, Inc., to trans-
duce the aortic pressure wave form every two to three minutes
by taking a measurement of the dichrotic notch of the aortic
blood pressure tracing. However, this requires the device
functionality to be paused every 2-3 minutes to male mea-
surements. This does not allow precise control of device
fanction to specific heart beats, rather, timings are set for 2
minutes, until the measurement is re-done. Further, the
dichrotic notch may not always be detected.

[0012] Another problem associated with components used
to control partially implantable heart assist devices (i.e. hav-
ing external drivers/controllers) 1s that the size, number, and
rigidity of any percutaneous tubing or wires must be kept to a
minimum to reduce the chance of infection and increase
psychological acceptance of the devices. This can be
achieved by the use of wireless transmission of cardiac cycle
timing signals. However, the wireless telemetry associated
with pacemakers is usually proprietary and unnecessarily
complex, and is not suited for continuous discreet signal
outputs

[0013] It is an object of the present invention to provide
methods and devices for determining and adjusting counter-
pulsation inflation timing by using detected heart sounds. In
preferred embodiments, the heart sounds are monitored real-
time to cause accurate beat-to-beat counterpulsation timing
for each specific cardiac cycle, without interruption of heart
assist functionality. Heart sounds may also be used intermit-
tently to determine and reset the interval between R wave
balloon deflation or inflation, either at fixed time intervals, or
when there is a sustained change in the heart rate.

[0014] Another object is to provide, again at least in pre-
ferred embodiments, simple and economical wireless telem-
etry of the detected signals to an external device.

BRIEF SUMMARY

[0015] In a first aspect, the present invention provides a
method of controlling the operation of a pulsatile heart assist
device in a patient, consisting of utilising sounds produced by
the heart to control the operation of the heart assist device.

[0016] Preferably, the method uses a combination of
R-wave detection and heart sound detection to control the
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operation of the heart assist device. Alternatively, the heart
assist device may be completely controlled by utilising both
the S1 and S2 sounds of the heart to both stop and start the
heart assist device.

[0017] Inasecond aspect, the present invention provides a
method of controlling the operation of a pulsatile heart assist
device in a patient, consisting of electrically detecting the
R-wave of the patient’s heart thythm and producing a signal
to initiate a change in the pulsatile status of the heart assist
device, and detecting a sound or pressure wave created by the
closure of the patient’s aortic valve and producing a signal to
return the heart assist device to the pulsatile status it had
before the preceding R-wave.

[0018] In a third aspect, the present invention provides a
method of controlling the operation of a pulsatile heart assist
device with a multi-channel digital signal processor and
transmitter (DSPT),

[0019] the DSPT being of the type having an ECG channel
and a phonocardiographic (PCG) channel, the DSPT being at
least adapted to normally sense an electrical signal indicative
of cardiac rhythm through the ECG channel, and to normally
sense heart sounds through the PCG channel, and to transmit
signals to an external receiver,

[0020] the method comprising the steps of

[0021] operatively connecting the DSPT bipolar ECG
lead to a patient’s heart; and

[0022] operatively connecting the DSPT microphone to
the patient’s heart,

[0023] whereby. after detecting an R-wave via the ECG
channel, the DSPT issues a R-wave signal to the heart
assist device controller to control the timing of the pul-
sation of the heart assist device, and

[0024] whereby. after detecting a heart sound via the
PCG channel, the DSPT issues a heart sound signal to
the heart assist device controller to control the timing of
the pulsation of the heart assist device.

[0025] The DSPT is preferably adapted to normally sense
heart sounds through the PCG channel in the range of 20-500
Hz.

[0026] The DSPT is preferably able to receive as well as
transmit, more preferably the DSPT has parameter settings
adjusted within ranges, for detecting the R-wave and the heart
sounds, and for the output signals.

[0027] The ECG lead connected to the patient’s heart can
be epicardial or endocardial or attached to an implanted heart
assist device itself. In another embodiment sensors for the
collection of an ECG signal may be embedded into the sur-
face of aheart assist device applied to the heart or another part
of the patient’s body from which an ECG signal may be
received.

[0028] The DSPT microphone may be internal to the
patient’s body. In this case connection to the patient’s heart
can be epicardial or endocardial, in the manner of a pacing
lead, or attached to the implanted device itself, and, in this
embodiment, is preferably located within 50 mm of the car-
diac valves, and more preferably without the lung between the
microphone and the patient’s heart.

[0029] Alternatively the microphone may be positioned
outside the body of the patient. The heart sounds and ECG to
control an external gas-driven extra-aortic balloon pump may
use an external microphone placed in the lumen of the extra
aortic balloon or the gas line leading to it. The implanted gas
line and balloon acts as a very efficient ‘stethoscope’, and
heart sounds can be detected intermittently or continuously,
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and sent directly to a controller positioned outside the
patient’s body. Similarly, rather than requiring an implanted
signal processor and transmitter, a percutaneous ECG lead
may be used to directly transmit the ECG signal to the con-
troller. The ECG lead may be combined with the percutane-
ous gas line or can be separate from the gas line. In either
embodiment, it is preferable that there is a releasable and
sealable connection for gas line and ECG lead under the skin,
so that in the event of infection or non-use, the percutaneous
lines can be removed, whilst leaving the gas line and ECG
lead implanted for latter re-connection if required.

[0030] The DSPT is preferably also able to receive signals
from an external device to adjust digital signal processing
variables within the DSPT for detecting R-wave and heart
sounds.

[0031] Preferably the DSPT has a battery of sufficient life
that the DSPT can be removed and replaced, independent of
the cardiac sensing leads, or that the DSPT has a rechargeable
battery that can be recharged by induction, or Transcutaneous
Energy Transfer (TET).

[0032] Further, the DSPT may communicate directly with
an implanted controller, such as is contemplated with an
implanted electrohydraulic Extra Aortic Balloon Pump
(EABi)—the controller and the ECG and microphone may all
be contained within the pump to limit the need for any leads,
and the pump positioned, as intended, in the medial right
chest, with one aspect of the pump (containing hermetically
sealed microphone and ECG electrodes) against the right
heart structures

[0033] In a fourth aspect, the present invention provides a
dual channel DSPT configured for use in controlling the
operation of a pulsatile heart assist device, the DSPT being of
the type having an ECG channel and a phonocardiographic
(PCG) channel, the DSPT being at least adapted to normally
sense an electrical signal indicative of cardiac rhythm through
the ECG channel, and to normally sense heart sounds through
the PCG channel, and to transmit signals to an external
receiver to control the timing of the pulsation of the heart
assist device. Signals may alternatively be directly sent to an
implanted controller.

[0034] The DSPT is preferably adapted to normally sense
heart sounds through the PCG channel in the range of 20-500
Hz.

[0035] The DSPT is preferably able to receive as well as
transmit. More preferably, the DSPT has parameter settings
adjustable within ranges, for detecting the R-wave and the
Heart Sounds, and for the output signals.

[0036] The DSPT may have other channels for detecting
aortic and left ventricular blood pressure and for movement of
the aortic or ventricular walls, and signals from these chan-
nels may also be interpreted to control heart assist device
functioning.

[0037] Theheart assist device may be a co-pulsation device
(such as an LVAD or a cardiac compression device) in which
case the pulsations are in synchrony with the heart’s native
rhythm or it may be a counter-pulsation device in which the
pulsations are out of phase with the heart’s native rhythm. In
the former configuration, the heart assist device may be of the
type applying pulsatile compression of the heart itself. In the
latter configuration, the heart assist device may be of the type
adapted to apply pulsatile compression to a blood vessel
either by compression of the outside of the vessels or by
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causing an intra-luminal device to expand and thereby cause
blood volume displacement and pressure change in the sys-
temic arterial system.

[0038] In a fifth aspect, the present invention provides
means for controlling a co-pulsation or counter-pulsation
heart assist device, the means including:

[0039] a co- or counter-pulsation heart assist device;
[0040] a controller for the heart assist device; and
[0041] a DSPT of the type at least adapted to normally

sense an electrical signal indicative of cardiac rhythm
through an ECG channel and a sound signal indicative of
heart sounds S1 and/or S2 through a PCG channel, and
to issue identifiable signals to the controller, in which the
DSPT is set to issue pacing signals from the ventricular
circuit at a minimum rate which is below a physiologi-
cally sensible rate in the event that the atrial circuit is
unable to sense a rhythm signal from the patient’s ven-
tricle, and the controller is set to turn off the heart assist
device in the event that the pacing signals that the con-
troller receives from the DSPT are at a rate below a
predetermined rate which is above the minimum rate.
[0042] By adopting this approach if the controller is not
sensing any signals at all it may mean that the controller has
become disconnected from the DSPT or that the DSPT or the
controller has run out of battery. As the latter condition can
usually be detected readily, and in advance, the cause of the
lack of signals can usually be rapidly identified. Alternatively
if the signals fall to the minimum rate, at which time the
device will have stopped, it can indicate there is a fault con-
dition present in the pacing lead or the pacemaker or that the
patient has died.
[0043] This rapid isolation of the cause of malfunction can
assist in rapidly correcting the condition causing the malfunc-
tion. In the case of a patient dying it will prevent the heart
assist device continuing to operate after death.
[0044] The DSPT is preferably adapted to normally sense
heart sounds through the PCG channel in the range of 20-500
Hz.
[0045] The DSPT is preferably able to receive as well as
transmit, more preferably the DSPT has parameter settings
adjustable within ranges, for detecting the R-wave and the
Heart Sounds, and for the output signals.
[0046] The method preferably includes implanting the
DSPT under the skin in front of the shoulder in the delto-
pectoral region or over the abdomen

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] Preferred forms of the present invention will now be
described, by way of examples only, with reference to the
accompanying drawings, wherein:

[0048] FIG. 1is a cut away view of a patient with a heart
assist device controlled in accordance with a first embodi-
ment of the invention;

[0049] FIG. 2 is a cut away view of a patient with a heart
assist device controlled in accordance with a second embodi-
ment of the invention

[0050] FIG. 3 is a cut away view of a patient with a heart
assist device controlled in accordance with a third embodi-
ment of the invention; and

[0051] FIG. 4 is a cut away view of a patient with a heart
assist device controlled in accordance with a fourth embodi-
ment of the invention, in which an externally mounted hous-
ing containing the DSPT and the pump and controller is
shown partially cut-away.
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DETAILED DESCRIPTION

[0052] By way of further background, the DSPT has the
basic modalities of sensing, transmitting, and programmabil-
ity.

[0053] Sensing is the capability to detect and interpret a
patient’s native heart electro- and phonocardiograms (ECG’s
and PCG’s respectively). An implanted sensing lead detects
the patient’s native heart electrical activity and transmits it to
the DSPT circuitry. The firmware and/or software within the
DSPT unit interprets the patient’s R-wave and transmits a
signal indicating R-wave detection. An implanted micro-
phone lead detects the patient’s native heart sounds and trans-
mits it to the DSPT circuitry. The firmware and/or software
within the DSPT unit interprets the patient’s heart sounds and
transmits a signal indicating S1 and S2 detection.

[0054] Programmability is the capability to allow a physi-
cian to adjust the DSPT’s sensing and transmitting functions
to the patient’s individual needs. This is achieved by using a
laptop-like device, typically called a programmer, that has an
input device that is placed over the patient’s skin in the vicin-
ity of an implanted DSPT. The programmer transdermally
communicates with the patient’s DSPT, using either auditory
(tonal) or electromagnetic pulses, and allows the physician to
manipulate the DSPTs settings as needed.

[0055] The ECG sensing system is expected to be able to
work in the presence of a dual-chambered pacemaker provid-
ing pacing control over the patient’s rhythm because their
native rhythm would be deficient or absent.

[0056] Combination pacemakers and internal cardioverter/
defibrillators (ICDs) can, when ventricular tachycardia or VF
is sensed, either attempt to “overdrive” pace a patient out of
the rhythm (i.e. pace with a strong impulse that will override
the patient’s native rhythm and slowly decrease rate to control
the patient’s rhythm) or shock the heart out of the rhythm and
then pace it.

[0057] A first embodiment of the invention will now be
described with reference to FIG. 1, which shows a patient 10
with a heart 12. The output of the heart 12 is assisted by a
pulsatile, fully implantable, heart assist device, indicated gen-
erally by the reference numeral 14. The heart assist device 14
has an aortic cuff 16 around the patient’s ascending aorta. The
cuff 16 is essentially the same as those disclosed in the Appli-
cant’s previously referred to International PCT Patent appli-
cation no. PCT/AU00/00654. The cuff 16 is driven by a pump
18, which essentially the same as those disclosed in the Appli-
cant’s International PCT Patent application no. PCT/AUO2/
00974 entitled “A fluid pressure generating means”. Also
shown is an implanted DSPT 20. The pump 18 is powered/
controlled by an external battery/controller 22 via a percuta-
neous electrical cable 24. The DSPT 20 transmits RF signals
to the controller 22 of the heart assist device 14.

[0058] The DSPT 20 has an ECG channel connected to
sensing lead 26 and an PCG channel connected to the micro-
phone lead 28.

[0059] The DSPT ECG channel is connected, via the sens-
ing lead 26, to the epicardial surface of the ventricle of the
patient’s heart 12 and the DSPT PCG channel is connected,
via the microphone lead 28, to a microphone 30 implanted in
close proximity to the aortic valve, exterior to the aortic root
[0060] In operation, the DPST 20 detects an R-wave (i.e.
the R wave of the ventricle) through the ECG channel, then
waits for a predetermined time (for example from 0-30 msec)
before transmitting a signal to the controller 22 which in turn
controls the pulsation of the heart assist device 14. It will be
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understood that, in the above configuration, the DSPT 20 will
always issue the signal to the controller 22 and the controller
may be programmable as to what action is taken when this
signal is received. If desired, the DSPT 20 may issue the
signal from the ECG channel immediately upon receiving the
sensed signal in the ECG channel. In this case there would be
a variable delay programmable into the controller 22 to
ensure that the time at which the heart assist device 14 is
actuated is correctly timed for that individual patient.

[0061] Further, the DSPT 20 is designed to allow correct
sensing of cardiac activity even in the presence of electrical or
pressure or other noise interference. It is also designed to
withstand defibrillation pulses without damage.

[0062] In the preferred form shown, the heart assist device
14 is a counter pulsation device in which the pulsations are
out of phase with the heart’s native rhythm.

[0063] The controller 22 is configured to turn the heart
assist device off in the event that the pacing signal received
from the ventricular circuit falls below a rate below the mini-
mum rate, say 40 beats per minute. If the controller 22 indi-
cates that it is not receiving any pacing signal this will be
typically indicative of the DSPT 20 not transmitting to the
controller 22 or a gross malfunction of the DSPT 20 or its
leads 26 or 28.

[0064] A second embodiment of the invention will now be
described with reference to FIG. 2, in which like features to
the first embodiment will be indicated with like reference
numerals. FIG. 2 shows a patient 10 with a heart 12. The
output of the heart 12 is assisted by a pulsatile, partially
implantable, heart assist device, indicated generally by the
reference numeral 14. The heart assist device 14 has an aortic
cuff 16 around the patient’s ascending aorta. The cuff 16 is
essentially the same as those disclosed in the Applicant’s
previously mentioned PCT Patent application. The cuff 16 is
driven by an external pump and controller 22 via a percuta-
neous gas line 23. These types of pumps and controllers are
well known to persons skilled in the art and will not be
described in further detail herein. A battery (not shown) is
also mounted within the casing of the pump and controller 22.

[0065] Also shown is the DSPT 20, which has an ECG
channel connected to the sensing lead 26 and a PCG channel
connected to the microphone lead 28. The DSPT transmits
signals to the controller 22 of the heart assist device 14.

[0066] The DSPT ECG channel is connected, via the sens-
ing lead 26, to the endocardial surface of the ventricle of the
patient’s heart 12 and the DSPT PCG channel is connected,
via the microphone lead 28, to a microphone 30 implanted in
close proximity to the aortic valve, also via the endocardium.
These leads may be placed via the subclavian or jugular vein,
and positioned in the right heart chamber, either the right
atrium, right ventricle, or in the coronary sinus.

[0067] In operation, the DSPT 20 detects an R-wave (i.e.
the R wave of the ventricle) through the ECG channel, then
waits for a predetermined time (for example from 0-30 msec)
before transmitting a signal to the controller 22 which in turn
controls the pulsation of the heart assist device 14. It will be
understood that, in the above configuration, the DSPT 20 will
always issue the signal to the controller 22 and the controller
may be programmable as to what action is taken when this
signal is received. If desired, the DSPT 20 may issue the
signal from the ECG channel immediately upon receiving the
sensed signal in the ECG channel. In this case there would be
a variable delay programmable into the controller 22 to
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ensure that the time at which the heart assist device 14 is
actuated is correctly timed for that individual patient.

[0068] The DSPT 20 is implanted under the skin, prefer-
ably in the front of the shoulder, over the delto-pectoral
region, or under the skin over the abdomen. This location
makes it easy to locate a battery recharging coil or a program-
mer ‘wand’ (not shown).

[0069] A third embodiment of the invention will now be
described with reference to FIG. 3. in which like features to
the second embodiment will be indicated with like reference
numerals. The third embodiment is, and operates, very simi-
lar to the second embodiment except the microphone 30
detects heart sounds in the gas line 23 and the external con-
troller 22 transmits corresponding signals to the PCG channel
of the implanted DSPT 20.

[0070] A fourth embodiment of the invention will now be
described with reference to FIG. 4, in which like features to
the third embodiment will be indicated with like reference
numerals. The fourth embodiment is very similar to the third
embodiment except the heart assist device 14 is controlled
using only heart sounds in the gas line 23 detected by the
microphone 30. (i.e. no ECG signals are monitored). In this
embodiment, the microphone 30 is positioned within an
externally positioned housing 32 which also contains the
pump and controller 22 and the DSPT 20. The microphone 30
is in direct communication with the gas line 23 which acts as
a “stethoscope” transmitting sound from the heart 12 to the
externally mounted microphone 30. In operation, the micro-
phone 30 receives the S1 sound as the aortic valve opens and
the DSPT transmits a signal indicative of that reception to the
controller and pump 22. The heart assist device 14 is deflated
on receipt of the DSPT signal. When the microphone 30
receives the S2 sound indicative ofthe aortic valve closing the
DSPT signals the controller and pump 22 to reinflate the heart
assist device 14. In this embodiment of the invention the
DSPT may contain software to filter out sounds other than the
S1 and S2 sounds or the system may be such that the pump is
periodically stopped for a single heart beat to allow detection
of the S1 and S2 sounds and the controller and pump 22 then
operates for a predetermined time on the basis of the timing
detected during the period that the pump was inoperative.

[0071] Thearrangement shown in FIG. 4 may be altered by
providing an ECG lead which extends from the heart 12 to the
housing 32. In this case the DSPT will operate on the basis of
the ECG detection of the R wave and on reception of the S2
sound. The ECG lead will preferably be disposed within the
lumen of the gas line at the point of exit from the patient’s
body or be attached to the gas line. This means that there is
only one point of percutaneous access into the patient. The
ECG lead may also be brought out adjacent the gas line.

[0072] The detection of both R-wave and heart sounds dra-
matically improves the accuracy of timing the heart assist
device accurately, from beat-to-beat, to events in the cardiac
cycle such as the beginning of systole and diastole. Further,
the signal transmission arrangement provides a cost effective
and robust wireless telemetry system with minimal patient
discomfort. Also, as the percutaneous gas line does not have
to carry any internal leads, it can be made relatively smaller
and more flexible to improve patient comfort.

[0073] Itwill be appreciated by the person skilled in the art
that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiment without
departing from the spirit or scope of the invention as broadly
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described. The present embodiment is therefore to be consid-
ered in all respects as illustrative and not restrictive.

[0074] Forexample, although epicardial leads are shown in
FIG. 2, one lead could be endocardial and the other epicardial
or visa versa.

What is claimed is:

1. A heart assist system, comprising:

(a) a heart assist device comprising an inflatable cuff con-
figured to apply pressure to blood in a blood vessel;

(b) a pump configured to generate fluid pressure;

(¢) a fluid disposed within the inflatable cuff and the pump,
the fluid configured to transfer the fluid pressure
between the pump and the inflatable cuff;

(d) a controller operably coupled to the pump;

(e) a phonocardiographic (“PCG”) lead operably coupled
to the controller, the PCG lead comprising a sound sen-
sor configured to detect heart sounds, wherein at least a
portion of the sound sensor is positioned in contact with
the fluid; and

(D an electrical sensing lead operably coupled to the con-
troller, the electrical sensing lead comprising an electri-
cal sensor configured to detect an electrical signal of the
heart,

wherein the controller is configured to use the heart sounds
and the electrical signal of the heart to control the opera-
tion of the heart assist device.

2. The heart assist system of claim 1, wherein the blood
vessel 1s an aorta, and further wherein the inflatable cuff is
configured to apply the pressure to an exterior of the aorta.

3. The heart assist system of claim 1, wherein the inflatable
cuff comprises a flexible membrane, wherein the flexible
membrane is configured to apply the pressure to the blood in
the blood vessel.

4. The heart assist system of claim 1, wherein the fluid is a
liquid or a gas.

5. The heart assist system of claim 1, wherein the heart
sounds comprise S1 and S2 sounds.

6. The heart assist system of claim 1, wherein the heart
sounds comprise sounds created when an aortic valve of the
heart closes.

7. The heart assist system of claim 1, wherein the sound
sensor comprises a microphone.

8. A heart assist system, comprising:

(a) a pump configured to generate fluid pressure;

(b) an inflatable cuff operably coupled to the pump, the
inflatable cuff configured to receive fluid pressure from
the pump and apply pressure to blood in a blood vessel,

(¢) a fluid disposed within the inflatable cuff and the pump,
the fluid configured to transfer the fluid pressure
between the pump and the inflatable cuff;

(d) a controller operably coupled to the pump;

(e) a digital signal processor and transmitter (DSPT) oper-
ably coupled to the controller, the DSPT comprising an
ECG channel and a PCG channel;

(D a PCG lead operably coupled to the PCG channel of the
DSPT, the PCG lead comprising a sound sensor config-
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ured to detect heart sounds, wherein at least a portion of
the sound sensor is positioned in contact with the fluid;
and

(2) an ECG lead operably coupled to the ECG channel of

the DSPT, the ECG lead comprising a sensor configured
to detect an electrical signal of the heart,

wherein the DSPT is configured to transmit signals relating

to the heart sounds and the electrical signal of the heart
to the controller, and further wherein the controller is
configured to transmit actuation instructions to the pump
based on the signals relating to the heart sounds and the
signals relating to the electrical signal from the DSPT.

9. The heart assist system of claim 8, wherein the sound
sensor comprises a microphone.

10. The heart assist system of claim 8, wherein the DSPT is
wirelessly coupled to the controller.

11. The heart assist system of claim 8, wherein the inflat-
able cuff comprises a flexible membrane, wherein the flexible
membrane is configured to apply the pressure to the blood in
the blood vessel.

12. The heart assist system of claim 8, wherein the fluid is
aliquid or a gas.

13. A method of controlling a heart assist system, the
method comprising:

electrically detecting an electrical signal of a heart’s

rhythm with an electrical sensing lead;

transmitting a signal relating to the electrical signal to a

controller;

positioning a PCG lead such that at least a portion of the

PCG lead is positioned in contact with a fluid configured
to transfer fluid pressure between a pump and an inflat-
able cuff;

detecting a heart sound with the PCG lead,

transmitting a signal relating to the heart sound to the

controller; and

applying pressure to blood in a blood vessel with an inflat-

able cuff based on the electrical signal and the heart
sound.

14. The method of claim 13, further comprising transmit-
ting an actuation signal from the controller to the pump based
on at least one of the signals relating to the electrical signal
and the heart sound.

15. The method of claim 14, further comprising actuating
the pump to generate fluid pressure based on the actuation
signal.

16. The method of claim 15, further comprising transfer-
ring the fluid from the pump to the inflatable cuff as a result of
the fluid pressure, whereby the inflatable cuff is inflated.

17. The method of claim 13, further comprising receiving
the signals relating to the electrical signal and the heart sound
atadigital signal processor and transmitter (DSPT) and trans-
mitting signals relating to the electrical signal and the heart
sound to the controller.

18. The method of claim 17, further comprising transmit-
ting an actuation signal from the controller to the pump based
on at least one of the signals relating to the electrical signal
and the heart sound from the DSPT.

I S T



patsnap

TREMOF) EEZETEN
[F(2E)F US20140051909A1 [ (r&)B 2014-02-20
RiES US14/060854 B H 2013-10-23

FRIEEB(ERB)AGR) FBEXLEERAE
i (E R AGR) SUNSHINE HEART COMPANY PTY LTD.
LETEHIE(ERR)A(E) SUNSHINE HEART COMPANY PTY LTD.

[FRIRBAA PETERS WILLIAM SUTTLE
PARKIN RODNEY GORDON

RAAN PETERS, WILLIAM SUTTLE
PARKIN, RODNEY GORDON

IPCH %S A61M1/10 A61B5/04 A61B5/00 A61B7/00 A61B5/0408 AG61N1/365 AGTN1/37

CPCH %S A61M1/1086 A61M1/106 A61B7/00 A61B5/0006 A61B5/4836 A61M1/107 A61B5/04012 A61B5/0408
A61N1/36578 A61B5/0456 A61B7/04 A61M1/1067 A61M1/12 A61M1/122 A61N1/36514 A61N1/36528
A61N1/3702

LR PCT/AU2004/001486 2006-04-28 WO

2003906070 2003-10-31 AU

H AN FF 32k US9119908
SNEBEEE Espacenet USPTO
HEGE)

AR WP KAEGS & AT 2 2 E P A pkah Ol B B AR EA R
GMFE. ZRENFETEFR A B O£ 75 FMBESKEEID
it %75 Bh 2% B A9 1R 1F



https://share-analytics.zhihuiya.com/view/487ec7e1-ed3b-425f-8a82-91f71cd41632
https://worldwide.espacenet.com/patent/search/family/034528666/publication/US2014051909A1?q=US2014051909A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140051909%22.PGNR.&OS=DN/20140051909&RS=DN/20140051909

