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METHODS AND SYSTEMS FOR HEART FAILURE PREVENTION

AND TREATMENTS USING ULTRASOUNDAND LEADLESS

IMPLANTABLE DEVICES

BACKGROUND OF THE INVENTION

[0001] Field of the Invention. The methods and systems of this invention relate to the

prevention and treatment of heart failure by means of a leadless external or implantable

device.

[0002] Heart Failure (HF) currently affects over 5 million patients in the United States

alone. This population has been steadily increasing due to overall demographic aging and, in

particular, the effects of new life-prolonging treatments to patients with chronic cardiac

conditions. HF is defined by the ACC/AHA Task Force as a complex clinical syndrome that

impairs the ability of the ventricle to fill with or eject blood. HF generally results from one or

more underlying factors including hypertension, diabetes, valvular disease, cardiomyopathy,

coronary artery disease, or structural changes to the heart muscle. HF is characterized by

reduced ventricular wall motion in systole and/or diastole, and low ejection fraction. As the

heart becomes less able to pump a sufficient volume of blood to the system, patients develop

symptoms of fluid retention, shortness of breath, and fatigue. Patients with cardiac disease or

patients who experience cardiac problems, e.g., ischemic episodes, are highly likely to

eventually develop HF. It will be beneficial to offer preventative treatment to these patients

so that they might avoid or postpone becoming HF patients.

[0003] New medications developed to treat HF have been generally ineffective, and device-

based solutions appear to offer significant promise for afflicted patients in both preventing

heart failure initially and ameliorating the progression of heart failure. The following are

descriptions of four device-based therapies to treat, prevent, and/or delay progression of HF.

[0004] First, there are several reports of using therapeutic ultrasound to increase cardiac

contractility, reduce aortic pressure, cause coronary vasodilatation, or increase tissue

perfusion (tissue sonication). These reports describe the application of continuous and pulsed

ultrasound over a wide range of treatment durations, timing intervals, ultrasound frequencies,

and ultrasound intensities. In isolated rat papillary muscle, Forester et al. demonstrated

increased contractility with continuous wave ultrasound. They speculated that the increase in



contractility was due to the thermal effects or mechanical tension effects of ultrasound energy

on the sarcolemma (external muscle membrane). Dalecki et al. found that the delivery of

pulsed ultrasound to the frog heart in systole resulted in a reduction in the peak aortic

pressure. Miyamoto et al. reported vasodilation of coronary arteries in canine studies by short

term ultrasound therapy, with the magnitude of the dilation similar to that of intracoronary

nitroglycerin. They speculated that the observed coronary vasodilation was a direct effect on

vasomotor tone, and reported no temperature change to implicate a thermal effect. Suchkova

et al., applied ultrasound to the surface of rabbit limb muscles following arterial ligation, and

found that tissue perfusion was increased, accompanied by histologic evidence of dilated

capillary beds. They further found this improvement in perfusion to be blocked by inhibition

of nitric oxide synthase, implying that the mechanism of effect was dependent upon nitric

oxide. Finally, animal studies have shown that ultrasound treatment can cause new

myocardial tissue growth in conditions of chronic ischemia, and this is thought to be due to

up-regulation of growth factor expression.

[0005] Thus, a number of underlying mechanisms have been proposed to explain why

therapeutic ultrasound may have beneficial effects on cardiac function. It is possible that

increased myocardial contractility, reduced aortic pressure, coronary vasodilation, and

increased tissue perfusion occur by separate or related mechanisms. For example, the

vasodilation may be secondary to the increased myocardial demand caused by increased

contractility. Alternatively, a reduction in aortic pressure (afterload) may result in increased

contractility. Increased tissue perfusion may be a manifestation of vasodilation at the

capillary level.

[0006] While the exact mechanism(s) and sequence of events are not well understood, the

beneficial effects of therapeutic ultrasound on cardiac function can be utilized to improve the

care of patients with heart failure both chronically and during acute exacerbations. Long term

improvement in heart failure treatment is possible with chronic intermittent ultrasound

administration. Coronary artery disease is the underlying cause of HF in two-thirds of HF

patients and coronary artery disease can lead to acute ischemic episodes, which can be treated

by improving blood flow (reperfusion). Since ultrasound therapy can improve blood flow,

therapeutic ultrasound can, thus, prevent HF. We have described the use of ultrasound in co-

pending application 10/869,631 (Attorney Docket No. 021834-000310), with methods and

systems for leadless implantable devices that directly prevent and/or treat heart failure using

ultrasound energy.



[0007] Second, the indications for permanent cardiac pacemaker implantation have greatly

expanded to include the treatment of heart failure by pacing both the left and right ventricle,

called cardiac ^synchronization therapy (CRT) or bi-ventricular pacing. Randomized clinical

trials have shown significant morbidity and mortality benefits with bi-ventricular pacing,

especially when combined with an implantable cardioverter defibrillator (ICD). As described

in co-pending applications 11/315,023 (Attorney Docket No. 021834-000820US), and

11/315,524 (Attorney Docket No. 021834-001010US), a method of cardiac stimulation uses

one or more implantable acoustic receiver-stimulators for cardiac stimulation, along with an

implanted or externally-applied ultrasound controller-transmitter. Using this leadless system

to avoid lead limitations and complications and gain other potential advantages as described

in the co-pending applications, CRT therapy is applied to optimal single or multiple sites in

the left or right heart and most notably endocardial left ventricular sites.

[0008] Third, another device therapy applying electrical current to the heart muscle is

called Cardiac Contractility Modulation (CCM). These systems have some similarities to

conventional cardiac pacemakers, in that they comprise a pulse generator implanted in the

pectoral region of the chest and transvenous leads having electrodes in direct contact with

heart tissue; in some cases, conventional pacemaker leads have been used in CCM therapy.

However, in a conventional cardiac pacemaker, electrical current is delivered at sufficient

amplitude and duration at a time in the cardiac cycle that will initiate a heart beat, known in

the art as excitation. In contrast, for CCM therapy, electrical current is delivered during or

immediately after a heart beat when the heart is unable to initiate another beat, known in the

art as the absolute refractory period of the heart. The amplitude and duration of the electrical

current would be sufficient for excitation, but since it is delivered in this refractory period it

is thus considered non-excitatory. Instead of initiating a heat beat via excitation, the

electrical field or electrical current delivered for CCM increases tissue contractility during the

heart beat. As noted earlier, increased tissue contractility leads to improved cardiac function.

It has been shown in basic investigational studies using this CCM approach that the action

potential duration is prolonged during this non-excitatory electrical field delivery. It is

thought that the underlying mechanism is an increase in calcium transport into the cells.

[0009] Early animal studies (Mohri et al.) employed two pairs of electrodes, one pair in the

anterior LV wall and one pair in the posterior wall; each with approximately 3 cm inter-

electrode distance. CCM non-excitatory electrical field delivery (2OmA biphasic square-

waves of 30 ms duration) was delivered 30 ms after local R wave detection, between each



electrode pair. An increase in contractility was found with either anterior or posterior

delivery, but was greatest with simultaneous delivery to both the anterior and posterior pairs.

The increase in contractility only occurred in the regions of electrical current delivery.

[0010] In acute human studies (Pappone et al.), CCM therapy was delivered either across

two selected poles of an octapolar catheter in the coronary sinus (CS), on the epicardial

aspect of the LV or on the RV septum from the tip electrode to the ring electrode of a

commercially available active fixation pacing lead. The CCM current used was a biphasic,

square-wave pulse 20-40 ms in duration, delivered 30-60 ms after detection of an electrical

pulse using the local electrogram, with pulse amplitudes up to 14 niA. With LV delivery of

10 mA to the CS, some patients complained of chest discomfort. With RV septum delivery,

14 mA was able to be delivered without chest discomfort. Acute improvement in LV function

was similar with LV or RV delivery; approximately a 9% increase in pressure gradient

dP/dtmax and 10% increase in aortic pulse pressure.

[0011] One example of a CCM device is an Optimizer™ II (Impulse Dynamics, Israel).

These have been implanted in patients and have been shown to improve cardiac function

(Pappone et al., Stix et al.). This device employs one commercially available right atrial lead

used for sensing only, and 2 commercially available transvenous bipolar active fixation leads

implanted in the RV septum used for sensing a local electrogram and delivery of non-

excitatory electrical current.

[0012] Because CCM devices use leads similar to cardiac pacemakers, they are subject to

all the limitations and complications associated with currently available cardiac pacemakers.

These lead issues have been extensively identified in our co-pending applications listed

above. Additionally, although animal studies had shown greater efficacy with placement of

the electrodes on the left ventricle, in clinical studies using coronary sinus leads for left

ventricular non-excitatory CCM therapy, patients experienced chest pain, attributed to

stimulation of the phrenic nerve. In the same patients, endocardial delivery to the right

ventricular septum did not cause discomfort. It is likely, based on animal study results, that

CCM therapy would be substantially improved using a system that enables endocardial left

ventricular non-excitatory therapy.

[0013] Therefore, it would be desirable to provide a system without the need for

transvenous leads, with the ability to optimally select sites on the endocardium, particularly



in the left ventricle, and to select multiple sites for CCM delivery of non-excitatory electrical

current.

[0014] Fourth, the concept of selective site pacing to initiate a preferred pattern of cardiac

activation and/or mechanical contraction has been recently put forth to prevent heart failure

in patients needing permanent pacing for bradycardia indications. Traditionally, the standard

ventricular site for stimulation has been the RV apex for reasons of lead stability and ease of

implantation. However, recent randomized clinical trials of patients requiring bradycardia

pacing (DAVID and PAVE) have lead to the conclusion that the RV apex location is

deleterious. The concept of selective site pacing has emerged, and has led to the reevaluation

of all traditional pacing sites. New stimulation sites being evaluated require the use of non-

passive fixation tips and more precise implant techniques. The ideal site(s) may be within the

left ventricle in areas inaccessible using transvenous leads from within the coronary sinus.

Selective site left ventricular or right ventricular stimulation alone may provide improved

heart functioning or prevention of heart failure without the need for bi-ventricular

stimulation. It would be desirable to provide selective site pacing with previously referred to

leadless methods and systems using one or more implantable acoustic receiver-stimulators for

cardiac stimulation, along with an implanted or externally-applied ultrasound controller-

transmitter. The receiver-stimulator would be implanted in the left and/or right ventricle at

one or more locations that initiate a preferred pattern of cardiac activation and/or mechanical

contraction.

[0015] It would be desirable to treat patients who have had cardiac problems to prevent or

delay them from becoming HF patients. It would be ideal to provide a single system to take

advantage of the benefits of sonification, pacing and CCM and either based on user

preference, pre-programmed therapy, or physiologic parameters that are measured, individual

or combination treatments (sonication, pacing or CCM) could be provided.

[0016] Thus, it would further be desirable to provide an implantable device that combines

the beneficial effects of direct application of ultrasound energy to cardiac tissue with the

beneficial effects of a leadless electrical delivery device for cardiac resynchronization

stimulation therapy, cardiac contractility modulation therapy, and/or selective site pacing

therapy in order to improve cardiac function in heart failure patients or to prevent heart

failure in other patients.
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BRIEF SUMMARY OF THE INVENTION

[0018] The devices of the present invention deliver ultrasound energy to the heart and/or

deliver ultrasound energy to receiver-stimulator devices. Delivered at therapeutic levels, the

ultrasound energy directly improves cardiac function by increasing contractility, vasodilation,

and tissue perfusion, etc. This leads to prevention of HF in patients who are likely to become

HF patients, if left untreated, and in patents who are already diagnosed with HF. Delivered at

sufficient amplitudes, the ultrasound energy is transduced into electrical energy by implanted

receiver-stimulator devices that have been implanted in the heart tissue, providing either

excitatory or non-excitatory energy delivery for the treatment of heart failure. In

combination, ultrasound therapy and receiver-stimulator device therapy provide multiple

benefits as heart failure therapies, including preventing patients from degenerating into HF.

The use of ultrasound as the single energy source provides efficient selection of individual

and combined therapies, as well as tissues sites, for delivering the therapy.

[0019] The present invention relies on acoustic energy delivery using an external or

implantable device to provide beneficial effects for patients with heart failure including 1) the

ability to improve cardiac function from the exposure of acoustic energy to cardiac tissue,

and/or 2) the ability to transmit acoustic energy to implanted receivers to provide excitatory

and non-excitatory stimulation, in patients suffering from or at risk of heart failure.

[0020] We have previously disclosed methods and systems to treat heart failure by means

of a leadless implantable device delivering vibrational (ultrasound, acoustic) energy from a

controller-transmitter device to directly improve cardiac function. We have also previously

disclosed methods and devices of leadless implantable systems for the electrical stimulation

of cardiac tissue using ultrasound as a means to transmit energy and signal information from

a controller-transmitter device throughout the body to one or more receiver-stimulator

devices containing means to receive such ultrasound, convert it into electrical energy, and

then apply that electrical energy to stimulating electrodes as cardiac resynchronization

therapy for the treatment of heart failure. See co-pending applications 11/315,023 (Attorney

Docket No. 021834-000820US), filed December 21, 2005; 11/315,524 (Attorney Docket No.

021834-001010US), filed December 21,2005; and patent application 10/869,631 (Attorney



Docket No. 021834-000310), filed June 15, 2004, the full disclosures of which are

incorporated here by reference.

[0021] hi all these co-pending applications, acoustic energy is applied from an external or

implanted controller-transmitter to the heart tissue to provide at least one of an increase in

contractility, vasodilation, tissue perfusion, and/or an increase in cardiac output for the

treatment of heart failure.

[0022] In some of these co-pending applications, acoustic energy is applied from an

external or implanted controller-transmitter to implanted receiver-stimulator devices in the

heart to provide electrical delivery for bi-ventricular pacing or selective site pacing.

[0023] It is an intent of this invention to provide methods and systems for the leadless

electrical delivery of non-excitatory therapy in cardiac contractility modulation for the

treatment of heart failure. It is a further intent of this invention to provide methods and

systems for the leadless electrical delivery of excitatory therapy for the prevention of heart

failure. It is still a further intent of this invention to provide methods and systems to select

and deliver separate heart failure treatment and preventive therapies within a single system.

It is yet another intent of this invention to provide methods and systems to combine and

deliver in a single system multiple heart failure treatment and preventive therapies to yield

multiple therapeutic benefits.

[0024] External or implanted controller-transmitters according to the present invention are

configured to apply acoustic energy to at least a portion of the heart, usually including at least

a ventricular region(s) of the heart and typically including regions of the heart with implanted

receiver-stimulator devices.

[0025] A controller-transmitter device may be implanted utilizing known surgical

techniques subcutaneously, above or beneath the pectoral muscles, near the heart. This

device will typically contain some, most, or all elements of currently available pacemaker

systems, with specific adaptations pertinent to this invention. Such typical elements may

include a power source, such as a battery or a rechargeable battery; logic control and timing

circuitry; a sensing system, typically comprising sensing electrodes, motion detectors, and

other types of physiologic sensors; signal conditioning and analysis functions for the various

electrodes and detectors; and a system to communicate with an outside console for data

transmission, diagnostic, and programming functions typically through a radiofrequency (RF)

link. Additionally, the controller-transmitter device usually contains an ultrasound amplifier



and an ultrasound transducer to generate acoustic energy, and to transmit such energy in the

general direction of the heart and specifically in the direction of the implanted receiver-

stimulator device. Beam profiles of the transmitted acoustic energy may be adapted to target

portions of the heart or implanted receiver-stimulator devices. The duration, timing, and

power of the acoustic energy transmission would be controlled as required, in response to

detected natural or induced physiological events or conditions, and per programmed

parameters of the device, by the logic control electronics.

[0026] In order to provide excitatory or non-excitatory electrical delivery to cardiac tissue

employing ultrasonic energy transfer, the present invention comprises an implantable

receiver-stimulator device adapted to be implanted at or attached to the desired location either

endocardially, epicardially, or intramyocardially. Various techniques and tools (catheters,

stylets) that are commonly known could be used to implant the receiver-stimulator device at

these locations. The receiver-stimulator would be adapted to provide permanent attachment

at the implant site including possibly helical coils, barbs, tines, clips, or the like, or by

bonding onto its outer surface materials which are known to stimulate cellular growth and

adhesion. Alternatively, the receiver-stimulator could be adapted for implantation in the

coronary vasculature at preferred sites for stimulation, e.g., being incorporated into a stent-

like platform suitable for intravascular delivery and deployment. Functionally, the receiver-

stimulator device comprises 1) an ultrasound transducer to receive the acoustic energy

transmitted from a controller-transmitter device and transform it into electrical energy, 2) an

electrical circuit to transform the alternating electrical energy into a direct current or a

waveform having other characteristics (e.g., multiphase waveforms), and 3) electrodes to

transfer the electrical energy to the myocardium.

[0027] A single receiver-stimulator device may be implanted as described above for single

site excitatory or non-excitatory electrical delivery to cardiac tissue. Alternatively, a plurality

of receiver-stimulator devices could be implanted to deliver excitatory or non-excitatory

electrical energy to cardiac tissue, either by simultaneous, sequential or independent

activation of the receiver-stimulator devices. The transmitted acoustic energy can activate

the stimulators simultaneously or sequentially through fixed or programmable delays after

receiving the same transmitted acoustic energy, or independently by responding only to

acoustic energy of a specific character (i.e., of a certain frequency, amplitude, or by other

modulation or encoding of the acoustic waveform) intended to energize only that specific

device.



[0028] In one embodiment, a controller-transmitter would contain programmable parameter

settings to activate receiver-stimulators that have been implanted at critical sites to deliver

leadless non-excitatory CCM therapy to improve cardiac function of heart failure patients. A

plurality of receiver-transmitters would be implanted into the left and/or right heart at

selected locations in order to provide a non-excitatory electrical field. The controller-

transmitter would include sensing electrodes on, connected to, or incorporated into its

external surface and signal processing circuitry and algorithms to allow it to detect the

patient's electrogram (electrocardiographic recording). Signal processing and specialized

algorithms would recognize intrinsic atrial and/or ventricular activation and possibly also

electrocardiographic indices of action potential duration such as the QT interval. Following a

detected intrinsic ventricular activation and a programmed delay interval, the controller-

transmitter would then activate the receiver-stimulator devices at energy levels that are

therapeutic.

[0029] In another embodiment, a controller-transmitter would contain programmable

parameters to activate receiver-stimulators that have been implanted at critical sites to deliver

excitatory (pacing) therapy to prevent heart failure.

[0030] In yet another embodiment, a controller-transmitter would contain programmable

parameter settings to provide direct therapeutic sonication of ventricular tissue, and contain

programmable parameters to activate receiver-stimulators to deliver leadless bi-ventricular

pacing therapy or site selected pacing therapy for heart failure, and contain programmable

parameters to activate receiver-stimulators that have been implanted at critical sites to deliver

pacing therapy as a prevention of heart failure, and contain programmable parameters to

activate receiver-stimulators that have been adapted and implanted in critical sites to deliver

CCM therapy to improve the tissue condition of heart failure patients.

[0031] In another preferred embodiment, a controller-transmitter would contain

programmable parameters settings to deliver combinations of therapy for direct therapeutic

sonication of ventricular tissue, leadless bi-ventricular or critical site pacing, heart failure

prevention pacing, and/or CCM therapy. In such an embodiment one or more receiver-

stimulator elements adapted for its specific function would necessarily be implanted at

desired locations within the heart, preferably fully embedded within the myocardium. The

specialized controller-transmitter would then be implanted subcutaneously at a location

allowing sonication of tissue in both ventricles and activation of one or more implanted



receiver-stimulators. Any of the therapies described could be used independently or in

combination to accomplish multi-beneficial therapy. The controller-transmitter would include

sensing electrodes on or incorporated into its external surface and signal processing circuitry

and algorithms to allow it to detect physiologic parameters (e.g. electrograms, pacing artifact

signals from an implanted conventional pacemaker, pressure, heart sounds, motion/activity,

etc.) to allow algorithmic adjustment to one or more therapies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Fig. 1 is a block diagram of the components of a system constructed according to

the principles of the present invention.

[0033] Fig. 2 illustrates a controller-transmitter implanted over a patient's heart and in

communication with a receiver-stimulator and an external programmer.

[0034] Fig. 3a illustrates prior art timing parameters.

[0035] Fig. 3b illustrates a system for performing CCM therapy directly on cardiac tissue.

[0036] Figs. 4a-4d illustrate different implantation sites for the receiver-stimulator.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The present invention relies on a controller-transmitter device to deliver ultrasound

energy to cardiac tissue to directly improve cardiac function and/or to energize one or more

implanted receiver-stimulator devices that transduce the ultrasound energy to electrical

energy to perform excitatory and/or non-excitatory treatments for heart failure. The acoustic

energy can be applied as a single burst or as multiple bursts with appropriate selection of the

following parameters:



[0038] Fifiure 1 is a block diagram of the present invention. An implantable controller-

transmitter device 1 contains an ultrasound transducer 16 (or multiple transducers) of

appropriate size(s) and aperture(s) to generate sufficient acoustic power to achieve the desired

heart failure therapy. The transducer(s) 16 within the controller-transmitter device 1 are

constructed of specific designs, including aperture size, acoustic frequency, materials, and

arrangement to provide the appropriate beam characteristics for individual embodiments,

implant sites, and patient characteristics. The controller-transmitter 1 contains the power

source, typically a battery 10, ultrasound amplifier 15, transmission power conditioning 17,

control and timing electronics and logic 14, physiologic sensor interface electronics 12,

sensors 11 either encapsulated in the device or connected to the device, and a communication

module 13 typically an RF communication interface to an external control and programming

device 3. An external controller-transmitter would contain the same elements, except the

external programmer 3 and RF communication module 13. The external controller-

transmitter would have an operator-controlled interface (not shown) to adjust device

parameters.

[0039] The transducer(s) 16 may comprise a single element or several elements in a linear,

two-dimensional, or segmented array (not shown), hi the case of an array, each element may

have its own amplifier 15 and control and timing electronics and logic 14 such that the

acoustic beam might be focused or diffused depending on the desired function or effect, or

steered to a desired location, or that the beam may be swept to cover several sites in

sequential order, or any combination thereof.

[0040] The one or more receiver-stimulator implants 2 contain a receiver transducer 18,

circuitry 19 to detect, impedance match, and convert the received ultrasound energy into an

electrical output, and electrodes 20. Multiple receiver-stimulator devices 2 may function

simultaneously; it is also possible for multiple devices to function sequentially by



incorporating different delays within the circuitry 19, or independently, either by responding

only to a specific transmitted frequency by steering the transmit beam to specific devices, or

through the use of a selective modulation technique such as amplitude modulation, frequency

modulation, pulse width modulation, or through encoding techniques including time-division

multiplexing, which would be discriminated by adapting circuitry 19.

[0041] Figure 2 illustrates the functional components of the present invention for an

implanted embodiment. The controller-transmitter device 1 containing the transmitting

transducer would be implanted typically just beneath the skin in the subcutaneous space but

could also be placed beneath the pectoral muscles hi particular, it is desirable to be able to

direct the ultrasonic energy over the left ventricle in order to assure maximum effectiveness.

As the heart is located beneath the ribs and sternum, the controller-transmitter device 1 must

be properly located to deliver the energy. At frequencies lower than 1 MHz, acoustic

attenuation due to bone and cartilage is less problematic.

[0042] The receiver-stimulator device(s) 2 would be implanted typically using an

endocardial placement technique by an active fixation mechanism such as a helical screw-in

element. Alternatively the receiver-stimulator device(s) 2 could be implanted using a

minimally invasive surgical approach to the epicardial aspects of the heart or delivered

transvascularly into, for example, the coronary sinus. Locations for the receiver-stimulator

devices would be chosen to optimize the desired electrical therapy.

[0043] The controller-transmitter device 1 would typically include physiological sensors 11

(not shown) such as electrodes disposed on the outer surface of the device, for detecting the

patient's electrogram, and in certain embodiments additional physiological sensors including

but not limited to sensors which would detect the patient's motion, blood pressure,

respiration, and/or heart sounds. Circuitry and algorithm logic 14 for utilizing these signals

for control of the devices' therapeutic function could be incorporated in the system. Such

electrodes and other sensors would be preferably disposed on or incorporated into or within

the housing of the controller-transmitter device.

[0044] An external programmer 3 is used to program device parameters in the controller-

transmitter 1, typically using an RF telemetry link. Programming of the controller-transmitter

includes the selection of one or more of the following types of therapies: (i) Sonication of

heart tissue to improve cardiac function; (ii) Site-selected pacing for prevention of heart



failure; (iii) Multi-site pacing (e.g. bi-ventricular pacing) for treatment of heart failure; and

(iv) Cardiac Contractility Modulation to improve contractility.

[0045] Alternatively, the acoustic transmitter function for direct therapeutic sonication of

heart tissue might also be incorporated within a device delivering conventional lead-based

electrical current (not shown), for example, within a CRT device or within a CCM device

wherein the conventional lead/electrode system would provide sensing from and electrical

delivery to cardiac tissue and the acoustic transmission would provide ultrasound therapy for

heart failure.

[0046] Figure 3a, shown adapted from prior art (Mohri), is an example to illustrate the

types of timing needed within for the control circuitry 14 to perform CCM therapy using the

present invention. Sensing electrodes on a controller-transmitter device 1 provide a signal

similar to the surface ECG shown in the diagram. The onset of electrical ventricular

activation is detected, and after a specified delay (here shown as 30 msec), the transmitter

delivers acoustic energy for a specified duration which is transduced by circuitry 19 into an

appropriate electrical waveform. The duration of the electrical delivery (here shown as 30

msec) is equal to the duration of acoustic delivery. In this example, the electrical waveform is

biphasic (positive square wave followed by negative square wave) with an amplitude of 20

mA, but other waveforms may be used.

[0047] Figure 3b shows a preferred embodiment for a system combining direct acoustic

therapy to the cardiac tissue with CCM therapy, i Figure 3b, two receiver-stimulator devices

2 are implanted into the right ventricle, one in the septum and the other at the apex. Other

implant locations in the right and left ventricle may be selected for any number of receiver-

stimulators 2 . Inherent ventricular activation is detected from sensing electrodes incorporated

on the controller-transmitter 1 whereby the control circuitry properly times the initiation of

the delivery of acoustic energy to the two implanted receiver-stimulators 2 to initiate non-

excitatory therapy.

[0048] Figures 4a-4d depict various illustrations of receiver-stimulator implant site

selections. Figure 4a is a cross-sectional view of the heart showing a single receiver-

stimulator device 2 implanted into the left ventricular myocardium. Such an embodiment

may be functional for site specific pacing for the prevention of heart failure in a patient

needing bradycardia pacing support, for site specific pacing for the treatment of heart failure,

or for CCM therapy to improve cardiac contractility in a heart failure patient. As shown, with



appropriate placement of the controller-transmitter 1, both the cardiac tissue and the receiver-

stimulator 2 will receive ultrasound waves thus providing an opportunity for sonication

therapy in a heart failure patient.

[0049] Figure 4b is a cross-sectional view of the heart showing a single receiver-stimulator

2 implanted into the ventricular septum, receiving acoustic energy from controller-transmitter

1. Similarly, such an embodiment may be functional for site specific pacing for the

prevention of heart failure in a patient needing bradycardia pacing support or for CCM

therapy delivery to improve the wall motion characteristics of the septum in a patient with

HF.

[0050] Figure 4c shows a further adaptation wherein two receiver-stimulator devices 2 are

implanted to achieve a completely leadless multi-site pacemaker configuration for example as

in bi-ventricular pacing or a multi-site CCM therapy delivery for HF treatment. The first

receiver-stimulator 2 is shown attached to the right ventricular apex with the second being

attached to the left ventricular free wall. Both receiver-stimulator devices 2 and the

ventricles receive acoustic energy from controller-transmitter 1 simultaneously. Direct

beneficial sonication therapy may be delivered to the ventricles. Excitatory (pacing) and non-

excitatory (CCM) therapy may be delivered either simultaneously or selectively.

[0051] Figure 4d shows another alternative embodiment. In this example, four receiver-

stimulator devices 2 are implanted into the right and left ventricle and can be used for

multiple therapy concepts. As in Figure 4c, since the ultrasound is delivered to the cardiac

tissue and receiver-stimulators simultaneously, direct beneficial sonication therapy may be

delivered simultaneously. Excitatory (pacing) and non-excitatory (CCM) therapy may be

delivered either simultaneously or selectively.

[0052] Optionally, but not shown, a receiver-stimulator 2 could also be implanted into the

atrial tissues of the heart. Optionally, but not shown, this multi-therapy concept could

integrate the ultrasound sonication therapy with a conventional dual chamber pacemaker

(DDD), dual chamber ICD, bi-ventricular pacemaker (CRT-P), biventricular pacemaker ICD

(CRT-D), or a CCM therapy device.

[0053] Optionally, the invention can provide three types of heart failure treatments to the

patient either separately or in combination; direct sonication of the ventricular tissue, cardiac

contractility modulation therapy, and excitatory pacing stimulation.



WHAT IS CLAIMED IS:

1. A system for heart failure therapy comprising:

one or more acoustic receiver-stimulators having an electrode assembly

adapted to be implanted in direct contact with cardiac tissue at one or more heart locations

selected to provide a preferred pattern of activation and/or mechanical contraction; and

an acoustic controller-transmitter, wherein the controller-transmitter and

receiver-stimulator are adapted to transmit and receive acoustic energy which provides both

energy and signal information to the receiver-stimulator sufficient to stimulate the heart,

wherein the receiver-stimulator comprises an acoustic receiver which receives

acoustic energy and generates alternating current, converter circuitry which produces a direct

current or waveform from the alternating current to stimulate the cardiac tissue, and

electrodes adapted to deliver the direct current or waveform to myocardial tissue.

2. A system as in claim 1, wherein the implantable receiver-stimulator is

adapted to be placed and secured at a location in the right ventricle such as the ventricular

septum.

3. A system as in claim 1, wherein the implantable receiver-stimulator is

adapted to be placed and secured at a location in or on the left ventricle.

4. A system as in claim 1, wherein the controller-transmitter is external.

5. A system as in claim 1, wherein the controller-transmitter is

implantable in a subcutaneous region and directs acoustic energy to the receiver-stimulator.

6. A system for the delivery of electrical current to a patient's heart to

improve and/or prevent deterioration of heart function, comprising:

one or more acoustic receiver-stimulators having an electrode assembly

adapted to be implanted in direct contact with cardiac tissue; and

an acoustic controller-transmitter, wherein the controller-transmitter and

receiver-stimulator are adapted to transmit and receive acoustic energy which provides both

energy and signal information to the receiver-stimulator,

wherein the receiver-stimulator comprises an acoustic receiver which receives

acoustic energy and generates alternating current, means for converting the alternating



current to a direct current or waveform to provide a non-excitatory electrical current and

electrodes adapted to deliver the direct current or waveform to myocardial tissue,

wherein the implantable receiver-stimulator is adapted to be placed and

secured at a location sufficient to deliver energy to the heart tissue and wherein the

transmitted acoustic energy is adapted to provide non-excitatory current which prolongs

action potential duration.

7. A system as in claim 5, wherein the non-excitatory electrical current

further improves tissue contractility.

8. A system as in claim 5, wherein the one or more implantable receiver-

stimulators are adapted to be placed and secured at one or more ventricular locations.

9. A system as in claim 8, wherein the one or more implantable receiver-

stimulators are adapted to be placed and secured in the right ventricle.

10. A system as in claim 8, wherein the one or more implantable receiver-

stimulators are adapted to be placed and secured in the left ventricle.

11. A system as in claim 5, wherein the acoustic energy is delivered during

an absolute refractory period.

12. A system as in claim 5, wherein the acoustic energy is delivered at the

time of or delayed from a detected physiologic event.

13. A system as in claim 5, wherein the acoustic energy is delivered on

command from an external communication source.

14. A system as in claim 5, wherein the controller-transmitter is external.

15. A system as in claim 5, wherein the controller-transmitter is

implantable in a subcutaneous region and directs acoustic energy to the receiver-stimulator.

16. A system for the delivery of therapy to a patient's heart, comprising:

an acoustic controller-transmitter, wherein the controller-transmitter is adapted

to transmit acoustic energy to provide two or more of the following functions:

(a) ultrasound sonication of heart tissue to improve cardiac function, (b)

ultrasound sonication of heart tissue to prevent deterioration of cardiac function, (c) leadless



pacing to improve cardiac function, (d) leadless pacing to prevent deterioration of cardiac

function, (e) leadless cardiac contractility modulation to improve cardiac function, and (f)

leadless cardiac contractility modulation to prevent deterioration of cardiac function;

wherein cardiac function is one or more of contractility, vasodilation, tissue

perfusion, or aortic pressure.

17. A system as in claim 16, wherein leadless pacing or leadless cardiac

contractility modulation therapy is delivered by one or more acoustic receiver-stimulators

having an electrode assembly adapted to be implanted in direct contact with the heart and

activated by the said acoustic controller-transmitter,

wherein the controller-transmitter and receiver-stimulator are adapted to

transmit and receive acoustic energy which provides both energy and signal information to

the receiver-stimulator,

wherein the receiver-stimulator comprises an acoustic receiver which receives

acoustic energy and generates alternating current, means for converting the alternating

current to a direct current or waveform to electrodes adapted to deliver the direct current or

waveform to myocardial tissue,

wherein the controller-transmitter directs acoustic energy to the receiver-

stimulator

wherein the implantable receiver-stimulator is adapted to be placed and

secured at a location sufficient to prevent and/or treat heart failure.

18. A system as in claim 16, wherein the controller-transmitter is external.

19. A system as in claim 16, wherein the controller-transmitter is

implantable in a subcutaneous region and directs acoustic energy to the heart.

20. A method for treating a patient suffering from heart failure (HF), said

method comprising:

transmitting from a controller-transmitter a signal to an implanted receiver-

stimulator, wherein the acoustic signal provides both energy and signal information to

stimulate the patient's heart.



21. A method as in claim 20, wherein the receiver-stimulator generates an

alternating current in response to the acoustic signal and converts the alternating current to a

direct current and/or waveform to stimulate cardiac tissue.

22. A method as in claim 21, wherein the direct current is delivered to the

cardiac tissue by electrodes.

23. A method as in claim 22, wherein the electrodes are implanted in the

left and/or right ventricles.

24. A method as in any one of claims 21-23 , wherein the direct current is

converted to non-excitatory current which improves tissue contractility.

25. A method as in claim 24, wherein the non-excitatory current is

delivered during an absolute refractory period.

26. A method as in claim 24, wherein the non-excitatory current is

delivered at a time of or delayed from a detected physiologic event.

21. A method as in claim 24, wherein the non-excitatory current is

delivered on command from an external communication source.

28. A method as in claim 20, wherein the controller-transmitter is external.

29. A method as in claim 20, wherein the controller-transmitter is

implantable in a subcutaneous region that directs acoustic energy to the heart.

30. A method as in claim 20, wherein the patient has been diagnosed as

suffering from heart failure (HF).

31. A method of delivering therapy to a patient's heart, comprising:

transmitting acoustic energy to an implanted receiver stimulator to provide

two or more of the following functions:

(a) ultrasound sonication of heart tissue to improve cardiac function, (b)

ultrasound sonication of heart tissue to prevent deterioration of cardiac function, (c) leadless

pacing to improve cardiac function, (d) leadless pacing to prevent deterioration of cardiac



function, (e) leadless cardiac contractility modulation to improve cardiac function, and (f)

leadless cardiac contractility modulation to prevent deterioration of cardiac function;

wherein cardiac function is one or more of contractility, vasodilation, tissue

perfusion, or aortic pressure.
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