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HEART FAILURE RECOVERY DEVICE AND METHOD OF TREATMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims priority to U.S. provisional application No. 62/094,460

filed on December 19, 2014 incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002]  Current therapeutic options for end stage heart failure patients are primarily
focused on palliative and hospice care. Unfortunately, heart transplantation and left
ventricular assist device (LVAD) therapy is restricted to approximately 2,500 patients
each year. LVAD therapy, which provides full circulatory support for heart failure
patients, comes at the price of invasiveness, 24-hour care, and reduced quality of life for
the remainder of the patient’s life. Current LVAD devices are used as a permanent
solution for heart failure and are cumbersome due to the restrictions posed on the
patient. As a result, the majority of patients who present with heart failure are not
considered LVAD candidates. Thus, there is a large group of patients with heart failure
who do not have any other option but medications only. A large number of otherwise
potential candidates are considered surgically high risk, while others are turned down
for permanent therapy due to lack of family or long-term support. For patient’s that
require more temporary treatment, LVADs can be used as a bridge to implantation or an

alternative heart failure treatment.
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[0003] One of the major characteristics of patients with heart failure is repeated
hospital admission with heart failure decompensation separated by intervals of stable
periods. Heart failure is characterized by episodes of circulatory decompensation
followed by phases of recovery until the onset of end organ dysfunction. Hemodynamic
recovery mandates hospital admission and medical therapy targeted at relieving heart
failure symptoms rather than increasing cardiac output. These patients are usually
managed by diuresis and optimizing their cardiac function followed by discharge.
Therefore, a need exists in the art for a heart failure recovery device and therapy that
more effectively and efficiently addresses failing cardiac output of heart failure patients,
and further, minimizes hospital readmission rates for heart failure patients. Further, a
need exist for a device that is less cumbersome than traditional LVADs for patients that
need temporary treatment of heart failure as a bridge to a transplant or an alternative

therapy.

SUMMARY OF THE INVENTION

[0004]  Alarge population of heart failure patients need only a modest increase in
cardiac index during the decompensation phases to avoid hospital readmission. A
minimally invasive HFR device designed to give modest and temporary circulatory
support to the patient during these decompensation phases to avoid hospital
readmission is described herein. Once stable, the HFR device can be switched off and
isolated from blood circulation. This cycle can be repeated as needed, and the device

can be activated only when needed.
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[0005] In one aspect, the invention is a heart failure recovery device including a fluid
pump having an inlet and an outlet in fluid communication with a pump reservoir, and a
pumping element disposed within the pump reservoir. The pumping element has a
protrusion that in an active state is configured to rotate and move fluid away from the
inlet and towards the outlet. A receiver coil is electrically coupled to the fluid pump, the
receiver coil configured to subcutaneously absorb electromagnetic energy for powering

the fluid pump.

[0006]  According to another embodiment, the invention is a heart failure recovery
device including a fluid pump having an inlet and an outlet in fluid communication with a
pump reservoir, and a pumping element disposed within the pump reservoir. The
pumping element has a protrusion that in an active state is configured to rotate and
move fluid away from the inlet and towards the outlet. An opening is in fluid
communication with at least one of the inlet and the outlet, the opening fluidly sealed by

a valve that opens in the active state and closes in an inactive state.

[0007]  According to another embodiment, the invention is a heart failure recovery
device including a fluid pump having an inlet and an outlet in fluid communication with a
pump reservoir, and a pumping element disposed within the pump reservoir. The
pumping element has a protrusion that in an active state is configured to rotate and
move fluid away from the inlet and towards the outlet. A port has a port reservoir and a
port opening fluidly sealed by an elastomeric septum and a flexible conduit having a
lumen. The conduit is coupled to the fluid pump and the port, and the port reservoir and

the pump reservoir are in fluid communication via the lumen.
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[0008]  According to another embodiment, the invention is a method for treating heart
failure including implanting a heart failure recovery device at the apex of a left ventricle
of a human heart, the heart failure recovery device including a fluid pump having an
inlet and an outlet in fluid communication with a pump reservoir, and a pumping element
disposed within the pump reservoir, the pumping element has a protrusion that in an
active state is configured to rotate and move fluid away from the inlet and towards the
outlet. The method includes the steps of detecting a first decompensation phase
condition, setting the fluid pump to the active state based on the detecting the first
decompensation phase condition, detecting a first stabilization condition, and setting the

fluid pump to an inactive state based on the detecting the first stabilization condition.

[0009]  According to another embodiment, the invention is a method for treating heart
failure including implanting a heart failure recovery device at the apex of a left ventricle
of a human heart, the heart failure recovery device including a fluid pump having an
inlet and an outlet in fluid communication with a pump reservoir, and a pumping element
disposed within the pump reservoir, the pumping element having a protrusion that in an
active state is configured to rotate and move fluid away from the inlet and towards the
outlet, and a port comprising a port reservoir and a port opening fluidly sealed by an
elastomeric septum, where the port reservoir and the pump reservoir are fluidly
connected by a flexible conduit comprising a lumen, and where the port reservoir is in
fluid communication with the pump reservoir via the lumen. The method includes the
steps of advancing a tip of a port access needle into the port reservoir, flushing a fluid
from the port access needle into the port reservoir and the pump reservoir, and

withdrawing the tip of port access needle from the port reservoir.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  The foregoing purposes and features, as well as other purposes and features,
will become apparent with reference to the description and accompanying figures
below, which are included to provide an understanding of the invention and constitute a

part of the specification, in which like numerals represent like elements, and in which:

[0011] Figure 1 is a diagram of an exemplary HFR device implanted in the heart of a

patient, and a wireless power unit associated therewith.

[0012] Figure 2 is a partial cutaway view of the exemplary HFR device according to

an aspect of the present invention.

[0013] Figure 3 is a partial cutaway view of another exemplary HFR device

according to an aspect of the present invention.

[0014] Figure 4 shows a system including internal and external components

according to an aspect of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015]  The present invention can be understood more readily by reference to the
following detailed description, the examples included therein, and to the Figures and
their following description. The drawings, which are not necessarily to scale, depict
selected preferred embodiments and are not intended to limit the scope of the invention.

The detailed description illustrates by way of example, not by way of limitation, the
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principles of the invention. The skilled artisan will readily appreciate that the devices
and methods described herein are merely examples and that variations can be made
without departing from the spirit and scope of the invention. It is also to be understood
that the terminology used herein is for the purpose of describing particular embodiments

only and is not intended to be limiting.

[0016] Referring now in detail to the drawings, in which like reference numerals
indicate like parts or elements throughout the several views, in various embodiments,

presented herein is a heart failure recovery device and therapeutic method.

[0017] Fig. 1 shows a diagram of a HFR device 20 implanted in a patient 5. The
device 20 is implanted in the heart 10 of a subject 5 at the apex of the left ventricle 12.
In certain embodiments, the top of the fluid pump 22 has a step tip or staggered tip
configuration. This configuration offsets the inlet of the pump 22 from the outlet of the
pump 22 to minimize the recirculation of blood, and maximize the flow rate of blood out
of the left ventricle 12 and through the aortic valve 14. The fluid pump 22 is powered by
a wireless power system, such as, for example, the system as described in U.S. Patent
No. 8,299,652; U.S. Patent Application Publication No. 2013/0310630; Sample et al.,
2011, IEEE Transactions, 58(2): 544-554; and Waters et al., 2012, Proceedings of the
IEEE, 100(1): 138-149; the entire disclosures of which are incorporated by reference
herein in their entireties. Certain details of a system utilizing internal components and
external components according to the various embodiments described herein are

shown in the exemplary system of Fig. 4.
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[0018]  With reference back to Fig. 1, the device 20, including the fluid pump 22 and
an associated controller (not shown) mounted on or within the fluid pump 22 can be
powered and charged by energy transfer using magnetically coupled resonators.
Magnetically coupled resonators induce power transfer between two components
through the matching of the resonance frequency between a source resonator (e.qg.
external coil 72) and a receiver resonator (e.g. receiver coil 40). In certain
embodiments, the external coil 72 sends energy to the receiver coil 40 for charging a
rechargeable battery electrically coupled to the device 20 for powering the controller
and the fluid pump 22. The rechargeable battery can be used as one or both of a
primary battery or a backup battery. In other embodiments, the receiver coil 40 powers
the controller and the fluid pump 22 by energy transferred directly from the external coil
72, powered by an external primary battery 74. As a more detailed example, an
external resonator is a coil induced to resonate at a given frequency. A frequency-
matched receiver resonator, within some proximity of the source, is a coil tuned to
resonate at the same frequency as the source. Thus, when the source resonator is
induced to resonate at the given frequency, the frequency-matched receiver resonator
is also induced to resonate, which results in the transfer of power to a component
attached to the receiver resonator. For example, in one embodiment, the controller
comprises a receiver resonator, or is otherwise attached to a receive resonator, for
wirelessly powering the controller. In another embodiment, the invention comprises a

source resonator that is magnetically coupled to the receiver resonator.

[0019] In certain embodiments, the fluid pump has an integral controller. In one

embodiment, the controller is a wireless controller and is sized and shaped to be
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implanted within the body of the user. As such, it eliminates the need for wires
connecting the pump to an extracorporeal unit. In certain embodiments, the controller is
implanted subcutaneously. The controller is sized and shaped to be a compact unit,
thereby allowing for easier integration with the pump or implantation in the body. It
should be appreciated that there is no limitation to the particular dimensions of the
controller, provided the controller is implantable and retains all desired functionality as
contemplated herein. In one embodiment, the controller includes an integral power
source. For example, the controller may have a long-lasting battery. In another
embodiment, the power source is a rechargeable power source, such as a rechargeable
battery. In one embodiment, the power source is wirelessly rechargeable. The
controller of the invention is not limited to any particular type of power source, but rather
encompasses any type of suitable power source as would be understood by those

skilled in the art.

[0020]  The controller of the invention controls the function of a heart pump in order to
provide a desired blood flow in the user. For example, the controller comprises a drive
unit which communicates with the pump to drive the pump motor and rotating pump
element, thereby controlling blood flow. Accordingly, the implanted controller
communicatively connected to the heart pump, such that it sends instructional signals to
the heart pump to direct the functionality of the pump. In some embodiments, the
controller wirelessly communicates with the heart pump. In other embodiments, the
controller is connected to the heart pump via direct wirelines. In other embodiments,
the controller is integrated into the housing of the heart pump and is therefore directly

connected into the circuitry of the heart pump. In one embodiment, the controller has
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two modes, continuous flow and pulsatile flow. In the continuous flow mode, the pump
speed is adjustable using a user interface of an external control unit by the user or
clinician. In the pulsatile flow mode, the pump speed is specifically attuned for the
systole and diastole periods of the cardiac cycle of the user. For example, the pump
speed is specifically adjusted during systole and diastole such that blood flow is varied
during the cardiac cycle. The determination of systole and diastole, and the control of
pump speed during the respective periods can be made in a variety of ways. In one
embodiment, the pulsatile flow directed by the controller is synchronized to the
measured EKG signals of the user. As used herein, the “pulse” refers to an increase in
pump speed of a specified duration. For example, the duration of each pulse is
determined based on the detected heart rate. In one embodiment, detection of a
particular EKG feature (QRS complex, P-wave, T-wave, etc) serves as a trigger for the
beginning and/or end of a pulse. In this way, the pulse dictated by the controller of the
invention can be varied in real time, depending on the informational feedback loop of
the changing heart rate of the user. In another embodiment, the pulsatile flow is
determined by a simulated, desired, target, or commanded EKG signal. For example,
the controller may use historical data or averaged data to simulate the EKG signal,
which is then used to determine and direct the desired pulse parameters (e.g. timing,
duration, etc.). In another embodiment, the pulsatile flow is asynchronous. For
example, the heart rate and duration of systole can be manually set using the user
interface of the external control unit. These imputed parameters, as well as the choice
of co-pulsation or counter-pulsation, then are used by the controller to determine and

direct the pulse parameters of the heart pump.
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[0021]  The source resonator may be placed anywhere in the vicinity of the user-
implanted receiver resonator. For example, the source resonator can be worn on the
body of the user, or placed in the same room or building of the user. In some
embodiments, the wireless system comprises a plurality of receiver resonators, wherein
the source receiver transfers power to a first receiver resonator, which transfers power
to the next receiver resonator, and so forth. In some embodiments, the system
comprises a plurality of receiver resonators, wherein the source receiver can transfer
power to each of the plurality of receiver resonators. The frequency at which the source
resonator resonates is adaptable, thereby allowing the powering of a plurality of receiver

resonators, each of which is tuned to resonate at a specific frequency.

[0022]  With reference to Fig. 2, a HFR device 120 having a port 50 and receiver coll
40 attached is shown according to an exemplary embodiment of the invention. The fluid
pump 122 includes an inlet 124 and an outlet 125, each fluidly sealed by an iris valve
128, 129. The iris valves 128, 129 can be programed and operated by a controller to
open while the pump 122 is actively pumping blood, and closed while the pump 122 is
inactive, during periods of patient hemodynamic stability. In certain embodiments, the
iris valve 128, 129 blades will be PTFE coated components and the opening and closing
mechanism will be actuated by a small motor. In other embodiments, the valves are
pressure actuated valves, such as one-way silicone duck bill valves directed along the
inlet 124 or outlet 125 direction of blood flow, or slit valves. The pump 122 includes a
pump element 126 having a spiraled protrusion 127 for moving fluid away from the inlet
124 and towards the outlet 125. When the pump element 126 rotates, the protrusion

127 will spin such that fluid will push down the reservoir 123 and towards the outlet 125.

10
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[0023] Animplantable port 50 is also included with the system in preferred
embodiments. The implantable port 50 includes a housing 52 defining a reservoir, an
opening to the reservoir fluidly sealed by an elastomeric needle-penetrable septum 54,
and a fluid outlet stem for attachment to a flexible conduit 60, such as a catheter. An
example of a conventional prior art port is described in a U.S. Patent No. 4,673,394, the
entire disclosure of which is incorporated herein by reference. The housing is typically
made out of a medical grade plastic or metal alloy, such as titanium. The septum 54 is
typically made from an elastomeric material, such as silicone, that will continue to reseal
after multiple stick counts of the needle in the reservoir. When the port 50 is
subcutaneously implanted in the patient, fluid from the needle 80 can be infused into the
port 50 reservoir, and flushed into the catheter lumen 62 and subsequently into the
reservoir of the fluid pump. As the catheter 60 is connected to the fluid pump 122
reservoir 123, an optional valve 64, such as a one-way pressure actuated duckbill valve
can allow fluid to flow into the pump reservoir once a threshold fluid pressure is met,
without allowing fluid to flow back towards the port. According to this embodiment, fresh
exchanges of fluids such as saline can be introduced into the pump, post implantation,
while the HFR device 120, including receiving coil 40 and implantable port 50 is
completely subcutaneous. To help breakup or avoid a thrombus buildup in the pump
reservoir 123 or at the openings of the valves 128, 129, the pump element 126 can be
operated to momentarily spin in a reverse direction, shooting anticoagulant and
cleansing fluid along the reserve direction, promoting breakup of blood formations.
Alternatively, the pump element 126 can be programmed to agitate anticoagulant and

cleansing fluid within the reservoir during maintenance, breaking-up any buildup of

11
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sludge or biological debris in corners of the reservoir 123 or on moving parts with a

turbulent fluid dynamic.

[0024] Methods of interrogating, inspecting and manipulating heart pump function in
situ can also be used, using a separate catheter. Guiding of these separate catheters
to the heart pump can be done by any suitable method known in the art. For example,
in one embodiment, the method comprises using the Seldinger technique for the
insertion of a sheath into a blood vessel of a subject whose heart pump is being
examined or manipulated. The inserted sheath then serves as an access point allowing
for the introduction of one or more catheters, scopes, fluid delivery devices, and the like,
into the blood vessel. The access point, where the sheath is inserted, may be located in
any suitable location. For example, in certain embodiments, the access point for the
sheath, catheter, or other components is the femoral artery in the subject’s groin or in
the radial artery in the subject’s wrist. However, any suitable access point which
provides access to the heart or heart pump may be used. A small steerable catheter
can be passed from the femoral artery and threaded into the ascending aorta to the left
ventricle. This catheter can then access the inflow port of an implanted heart pump. In
certain embodiments, the catheter is a steerable catheter with a steering handle and
bendable tip. However, any suitable catheter that may be steered to the heart or heart
pump may be used. Alternatively, another catheter is guided to the outflow port of the
heart pump. With the catheter in place, fluid and/or inspection devices can be
introduced to clean and maintain the pump, and debris can also be aspirated from the

interior and surfaces of the pump. In one embodiment, a balloon catheter is advanced

12
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to the inflow port or outflow port of the pump, and then inflated to manually disrupt

thrombus formation at the valves.

[0025] As an exemplary method of treating heart failure, the pump is switched on
when a decompensation phase is detected. This detection can be based, for example,
on how the patient feels, a trigger from an ECG, or based on the opinion of a medical
professional. When the pump is no longer needed and the patient reaches stable
hemodynamics, it will be switched off. When switched off, at either end of the inflow
and outflow there are electrically activated diaphragm valves, which will be activated,
thus sealing the system. Once sealed, the injection port that is implanted under the skin
will be accessed using a hypodermic needle. Through the injection port, any small
amount of blood within the pump housing will be washed out using heparinized saline
and ultimately the pump housing will be filled with remaining heparinized saline until the
next use. At the next use of the pump when the patient presents with worsening heart
failure symptoms, the subcutaneous port will be accessed similar to above, the pump
housing will be cleaned with fresh saline or dextrose solution until the effluent is clear,
and additional proteolytic enzymes can be used to make sure any residual protein
debris are cleared. The hypodermic needle is then removed from the port, and the two
diaphragm valves covering the inflow and outflow are opened. The pump is started and
the patient begins to stabilize. A large population of heart failure patients need only a
modest increase in cardiac index (Cl), up to 1 L/m#min during the decompensation
phases to avoid hospital readmission. This can be done as an outpatient procedure at
regular intervals or when the patient indicates that they are not feeling well.

Accordingly, readmissions to the hospital with heart failure can be minimized and

13
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avoided. The patient benefits with the completely subcutaneous design because they
are less prone to infection given the absence of any medical components traversing the
surface the skin, are more mobile, and do not have to worry about issues that
conventional devices present, such as keeping external components dry. Physicians
and health care institutions also benefit by increasing efficacy of infection and thrombus
control, due to both the implantable nature of the system and the ability to introduce
anticoagulants into the fluid reservoir, increasing the performance and reliability of the
system, and representing a cost savings for medical institutions. Further, dangerous
conditions associated with thrombus buildup are minimized, such as the introduction of

emboli into the patient’s system, or the malfunction or occlusion of device components.

[0026]  An alternative pump embodiment is shown in Fig. 3. The HFR device 220
includes a fluid pump 222 having an inlet 224 and an outlet 225 communicating with the
pump reservoir 223. The configuration of the implantable port 50 and the receiver coil
40 are similar to the configurations described above for previous embodiments. In this
embodiment, an impeller draws fluid down into the reservoir 223, and channels fluid
back up through a channel leading to the outlet 225. The outlet 225 can be joined up
near the inlet 224 as needed to provide a desired step tip, staggered tip, split tip or even
tip inlet/outlet configuration. A slot motor can be disposed within a casing as known in
the art. An iris valve 228 seals fluid communication between the left ventricle and the
heart when the HFR device 228 is inactive. The iris valve 228 can seal the entire fluid
channel covering both the inlet and outlet as shown in Fig. 3, or alternatively, a first and
second iris valve can be individually positioned at the inlet and outlet, similar to previous

embodiments. The tangential position of the channel leading to the outlet 225, relative

14
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to the circular profile of the reservoir 223, allows for a superior flushing action, helping to
combat the buildup of sludge and thrombus in the reservoir 223. The advantage of this
geometric design along with the ability to introduce anticoagulants into the reservoir via
the port helps to ensure reliable and efficient performance of the device, reducing the

buildup of biological debris.

[0027] Partial support of 2-3 L/min can meaningfully affect the cardiac
hemodynamics of heart failure patients. An operating range for the device in certain
embodiments will output 0.5-3 L/min at pressures between 50-100 mmHg. The impeller
diameter can vary, and in certain embodiments, will range from between 10-20 mm in
diameter, with preferred embodiments at 15 mm in diameter. In certain embodiments,
rotational speed of designs disclosed herein may range from 5,000 RPMs to 9,000,

RPMs, with a preferred embodiment of about 7,000 RPMs.

[0028] The invention disclosed herein represents a paradigm shift in treating patients
with heart failure. Most patients with heart failure require only a modest improvement in
cardiac output from baseline to maintain hemodynamic stability over time. As such, full
cardiac support in most heart failure patients is not needed to encourage recovery from
heart failure, or as bridge to transplant or alternative heart failure therapy. The invention
represents a minimally invasive and completely implantable system that can be
activated as needed for ensuring a stable cardiac index, safely isolated from the

circulatory system during hemodynamic recovery, and cleaned for future use.
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CLAIMS

What is claimed is:

1. A heart failure recovery device comprising:

a fluid pump comprising an inlet and an outlet in fluid communication with a pump
reservoir, and a pumping element disposed within the pump reservoir, the pumping
element comprising a protrusion that in an active state is configured to rotate and move
fluid away from the inlet and towards the outlet;

a receiver coil electrically coupled to the fluid pump, the receiver coil configured
to subcutaneously absorb electromagnetic energy for powering the fluid pump; and

a valve configured to open in the active state and fluidly seal at least one of the

inlet and the outlet in an inactive state.

2. A system comprising the heart failure recovery device of claim 1, the system
comprising:
an external coil configured to send electromagnetic energy to the receiver coil for

powering the fluid pump while the receiver coil is implanted subcutaneously.

3. The heart failure recovery device of claim 1, wherein the pumping element

comprises an impeller.

4. The heart failure recovery device of claim 3, wherein the pump reservoir has a

substantially circular cross-sectional profile.

16
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. The heart failure recovery device of claim 1, wherein the valve is an iris valve.

6. The heart failure recovery device of claim 1, wherein the is valve configured to
fluidly seal the inlet in an inactive state, and wherein a second valve is configured to

fluidly seal the outlet in an inactive state.

7. A heart failure recovery device comprising:

a fluid pump comprising an inlet and an outlet in fluid communication with a pump
reservoir, and a pumping element disposed within the pump reservoir, the pumping
element comprising a protrusion that in an active state is configured to rotate and move
fluid away from the inlet and towards the outlet; and

an opening in fluid communication with at least one of the inlet and the outlet, the

opening fluidly sealed by a valve that opens in the active state and closes in an inactive

state.
8. The heart failure recovery device of claim 7, wherein the valve is an iris valve.
9. The heart failure recovery device of claim 7, wherein the valve opens and closes

in a substantially radial fashion.

17
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10.  The heart failure recovery device of claim 7, wherein the valve comprises a first
valve and a second valve, wherein the first valve fluidly seals the inlet, and wherein the

second valve fluidly seals the outlet.

11.  The heart failure recovery device of claim 10, wherein the first valve and the

second valve are iris valves.

12. A heart failure recovery device comprising:

a fluid pump comprising an inlet and an outlet in fluid communication with a pump
reservoir, and a pumping element disposed within the pump reservoir, the pumping
element comprising a protrusion that in an active state is configured to rotate and move
fluid away from the inlet and towards the outlet;

a port comprising a port reservoir and a port opening fluidly sealed by an
elastomeric septum; and

a flexible conduit comprising a lumen;

wherein the conduit is coupled to the fluid pump and the port, and

wherein the port reservoir and the pump reservoir are in fluid communication via

the lumen.

13.  The heart failure recovery device of claim 12, wherein a pressure actuated valve

is disposed across a portion of the lumen.

14. A method for treating heart failure comprising:

18
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implanting a heart failure recovery device at the apex of a left ventricle of a

human heart, the heart failure recovery device comprising:

a fluid pump comprising an inlet and an outlet in fluid communication with
a pump reservoir, and a pumping element disposed within the pump reservaoir,

the pumping element comprising a protrusion that in an active state is configured

to rotate and move fluid away from the inlet and towards the outlet;

detecting a first decompensation phase condition;

setting the fluid pump to the active state based on the detecting the first
decompensation phase condition;

detecting a first stabilization condition; and

setting the fluid pump to an inactive state based on the detecting the first

stabilization condition.

15. The method of claim 14, wherein the fluid pump further comprises an opening in

fluid communication with at least one of the inlet and the outlet, the opening fluidly

sealed by a valve that opens in the active state and closes in the inactive state.

16.  The method of claim 15 further comprising:

detecting a second decompensation phase condition;

setting the fluid pump to the active state based on the detecting the second
decompensation phase condition;

detecting a second stabilization condition; and
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setting the fluid pump to an inactive state based on the detecting the second

stabilization condition.

17.  The method of claim 14, wherein the heart failure recovery device further
comprises a receiver coil electrically coupled to the fluid pump, the method further
comprising:

positioning an external coil in proximity to the receiver coil; and

causing the external coil to send electromagnetic energy to the receiving coil for

powering the fluid pump.

18. A method for treating heart failure comprising:
implanting a heart failure recovery device at the apex of a left ventricle of a
human heart, the heart failure recovery device comprising:
a fluid pump comprising an inlet and an outlet in fluid communication with
a pump reservoir, and a pumping element disposed within the pump reservaoir,
the pumping element comprising a protrusion that in an active state is configured
to rotate and move fluid away from the inlet and towards the outlet, and
a port comprising a port reservoir and a port opening fluidly sealed by an
elastomeric septum,
wherein the port reservoir and the pump reservoir are fluidly connected by
a flexible conduit comprising a lumen, and
wherein the port reservoir is in fluid communication with the pump

reservoir via the lumen;
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advancing a tip of a port access needle into the port reservoir;
flushing a fluid from the port access needle into the port reservoir and the pump
reservoir; and

withdrawing the tip of port access needle from the port reservoir.

19.  The method of claim 18 further comprising:

detecting a first decompensation phase condition;

setting the fluid pump to the active state based on the detecting the first
decompensation phase condition;

detecting a first stabilization condition; and

setting the fluid pump to an inactive state based on the detecting the first

stabilization condition.

20.  The method of claim 19, wherein the fluid pump further comprises an opening in

fluid communication with at least one of the inlet and the outlet, the opening fluidly

sealed by a valve that opens in the active state and closes in the inactive state.
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