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IMPLANT ASSIST APPARATUS FOR ACOUSTICALLY ENABLED
IMPLANTABLE MEDICAL DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit under 35 U.S.C. § 119 of United

States Provisional Application No. 61/080,840, filed on July 15 , 2008, entitled

"Implant Assist Apparatus For Acoustically Enabled Implantable Medical Device,"

which is incorporated herein by reference in its entirety for all purposes.

TECHNICAL FIELD

[0002] The present invention relates generally to implantable medical

devices. More particularly, the present invention relates to devices, systems, and

methods for delivering and positioning an implantable medical device at a desired

location within a patient's body, and for confirming the adequacy of an acoustic

communication link between an implantable medical device and a communicating

device.

BACKGROUND

[0003] Medical devices that can be implanted within a patient's body for

monitoring one or more physiological parameters and/or to provide therapeutic

functions are known. For example, implantable medical devices (IMDs) can be

placed in the body for monitoring a variety of properties such as temperature,

blood pressure, strain, and fluid flow. In some cases, the IMD can be configured

to sense other chemical properties, electrical properties, and/or magnetic

properties within the body. In addition, implantable medical devices that perform

one or more therapeutic functions, such as pacing or defibrillation, are known.

[0004] In certain applications, the IMD can be used in conjunction with

other devices located inside or outside of a patient's body for performing therapy

on the patient. In some applications, for example, an implantable pressure sensor

can be used in conjunction with one or more cardiac rhythm management (CRM)

devices for predicting the onset of congestive heart failure and delivering an

appropriate therapy to a patient. In addition, some implantable sensing devices



can also be used for monitoring and treating hypertension, in automatic CRM

device settings optimization, and in rhythm discrimination.

[0005] Implanting an IMD generally involves delivering and anchoring the

IMD at a desired location within the body. In some applications, the placement

location and positioning of the IMD may affect the performance of the IMD. For

example, the placement location and positioning of the IMD within the body can

be important for sensor accuracy, long term stability, and physician acceptance

and adoption. In some applications, the placement location and positioning of the

IMD within the body may also affect the ability of the IMD to accurately

communicate with other implanted devices, or to communicate with an external

device. In some cases, it may be useful to confirm the adequacy of the

communication link over time in response to changing dynamic conditions within

the body. Subsequent to implantation, for example, it may be useful to

periodically check the status of the communication link to ensure that the IMD can

continue to accurately transmit sensor data and device status information when

the conditions at the implantation site or elsewhere in the body have changed.

SUMMARY

[0006] The present invention relates to devices, systems, and methods for

delivering and positioning an implantable medical device (IMD) at desired location

within a patient's body. The present invention also relates to devices, systems,

and methods for evaluating an acoustic communication link between an IMD and

a communicating device in acoustic communication with the IMD. A system for

delivering and positioning an IMD in accordance with an illustrative embodiment

includes a catheter adapted to deliver the IMD, and an implant assist device in

wireless communication with the IMD via an acoustic communication link. The

IMD can include a biosensor adapted to sense one or more physiologic

parameters within the body, and at least one acoustic transducer configured to

transmit and receive acoustic signals to and from the implant assist device. The

implant assist device may comprise an external device or another implanted

device, and includes at least one acoustic transducer adapted to receive the

acoustic signal transmitted by the implantable device and to transmit an acoustic

signal to the implantable device. The implant assist device includes



control/processing circuitry that evaluates a performance of the acoustic link

based on one or more parameters associated with the acoustic signals. In some

embodiments, the implant assist device can be used by a clinician as an aid in

deploying and positioning the IMD within the body. Once implanted, the implant

assist device can also be used to periodically confirm the status of the acoustic

communication link to ensure that the link is sufficient to continue to transmit

sensor data and device status information to another device.

[0007] A method for delivering and positioning an IMD in accordance with

an illustrative embodiment includes introducing a delivery catheter into a patient's

body, the catheter including a distal portion having a lumen containing an IMD

including a biosensor and an acoustic transducer adapted to transmit an acoustic

signal; advancing the catheter to a target region within the patient's body;

establishing an acoustic link between the IMD contained within the catheter and

an implant assist device including an acoustic transducer adapted to receive the

acoustic signal and control/processing circuitry for evaluating a signal strength

and/or quality of the acoustic link; providing information to a user interface

indicating the signal strength and/or quality of the acoustic link; and deploying the

IMD within the patient's body.

[0008] While multiple embodiments are disclosed, still other embodiments

of the present invention will become apparent to those skilled in the art from the

following detailed description, which shows and describes illustrative

embodiments of the invention. Accordingly, the drawings and detailed description

are to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic view of a system for delivering an implantable

medical device at a target location within a patient's body according to an

illustrative embodiment;

[0010] FIG. 2 is a schematic view of the implantable medical device and

implant assist device of FIG. 1 according to an illustrative embodiment;

[001 1] FIGS. 3A-3C are several schematic views showing a system used to

deliver and position an IMD at a target location within a patient's body according

to an illustrative embodiment;



[0012] FIG. 4 is a flow diagram of a method for evaluating an acoustic

communication link between an IMD and an implant assist device according to an

illustrative embodiment;

[0013] FIG. 5 is a flow diagram of a method for evaluating an acoustic

communication link between an IMD and an implant assist device according to

another illustrative embodiment; and

[0014] FIG. 6 is a schematic view showing an illustrative display panel that

can be used to provide a clinician with feedback on the status of an acoustic

communication link between an IMD and an implant assist device.

[0015] While the invention is amenable to various modifications and

alternative forms, specific embodiments have been shown by way of example in

the drawings and are described in detail below. The intention, however, is not to

limit the invention to the particular embodiments described. On the contrary, the

invention is intended to cover all modifications, equivalents, and alternatives

falling within the scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION

[0016] FIG. 1 is a schematic view of a system 10 for delivering and

positioning an implantable medical device (IMD) 12 at a target location within a

patient's body according to an illustrative embodiment. The system 10,

illustratively a system for delivering and positioning an IMD 12 within a patient's

heart 14 or into a vessel leading into or from the heart 14, includes a delivery

catheter 16 adapted to transport the IMD 12 through the body. An implant assist

device 18 is used to assist in the placement location and positioning of the IMD 12

within the body, and to confirm the adequacy of an acoustic communication link

between the IMD 12 and the implant assist device 18 and/or another internal or

external device in acoustic communication with the IMD 12 prior to or following

implantation of the IMD 12 within the body. As shown in FIG. 1, the heart 14

includes a superior vena cava 20, a right atrium 22, a right ventricle 24, a left

atrium 26, a left ventricle 28, and a main pulmonary artery 30 which leads to the

left pulmonary artery 32 and the right pulmonary artery 34.

[0017] In the illustrated embodiment, the IMD 12 is configured to wirelessly

communicate with the implant assist device 18 by transmitting a single acoustical



pulse or series of acoustic pulses to the implant assist device 18 from a location

within the interior of the delivery catheter 16. In the embodiment of FIG. 1, the

implant assist device 18 is positioned at a location external to the patient's body.

In some embodiments, for example, the implant assist device 18 may comprise an

external communicating device which, in addition to aiding in the delivery and

positioning of the IMD 12 within the body as discussed further herein, can be

configured to receive sensor data and device status information from the IMD 12

when activated within the body. In other embodiments, the implant assist device

18 can comprise a device that is temporarily or permanently implanted within the

patient's body, either as a stand-alone device or integrated as part of another

implanted device such as a pacemaker and/or defibrillator. In some

embodiments, the implant assist device 18 may also be used to program or alter

the operation of the IMD 12.

[0018] The IMD 12 may comprise any type of chronically implanted device

adapted to deliver therapy to the patient and/or to monitor various physiological

parameters, properties, and functions within the body. For example, the IMD 12

can be used for sensing blood pressure, temperature, blood gas content, strain,

fluid flow, chemical properties, electrical properties, magnetic properties, and

other physiological properties. According to one embodiment, and as shown in

FIG. 1, the IMD 12 can be configured to monitor blood pressure in a pulmonary

artery 32. The IMD 12 can also be configured to sense, measure, calculate, or

derive associated parameters such as, for example, flow rate, maximum and

minimum pressure, the time rate of change (slope) of the pressure, and

atmospheric pressure. In other embodiments, the IMD 12 can comprise a glucose

level monitor, a pulmonary sound sensor, a satellite pacing device, or any other

remote sensing or therapy-delivering device.

[0019] The delivery catheter 16 can be used to deliver and position the IMD

12 at a target region within the body that increases the signal strength and quality

of the acoustic communications between the IMD 12 and the implant assist device

18, or between the IMD 12 and another internal or external device that

communicates with the IMD 12. The delivery catheter 16 includes an elongate

shaft 36 having a proximal portion 38, a distal portion 40, and an interior lumen 42

capable of retaining the IMD 12 therein during delivery.



[0020] As discussed further herein, the catheter 16 can be delivered to a

target implantation region and repositioned as necessary or desired to obtain an

optimal position for establishing an acoustic telemetry link between the IMD 12

and the implant assist device 18, or between the IMD 12 and another implant or

external device that communicates with the IMD 12. If, for example, the implant

assist device 18 is provided as part of an external monitor adapted to receive

sensor data and device status information transmitted from the IMD 12, the

catheter 16 can be delivered to a target implantation region and repositioned as

necessary or desired to obtain an optimal position for receiving acoustic pulses

transmitted by the IMD 12 and/or for transmitting acoustic pulses to the IMD 12.

According to one embodiment, and as shown in FIG. 1, the catheter 16 can be

used to deliver and position the IMD 12 in the left pulmonary artery 32. In other

embodiments, the IMD 12 can be delivered and positioned in the main pulmonary

artery 30, or in the right pulmonary artery 34. In still other embodiments, the IMD

12 can be delivered and positioned in other regions of the vasculature, in other

body lumens, or in other areas of the body. Once positioned, the IMD 12 may be

withdrawn from within the interior lumen 42 of the catheter 16 and deployed in the

patient's body.

[0021] In some embodiments, the catheter 16 can be used to deliver and

position the IMD 12 at an acceptable acoustic position within the target

implantation region prior to being deployed within the body. An acceptable

acoustic position within the target region may be defined generally as a position

where the acoustic losses between the IMD 12 and a communicating device are

minimized, and where the signal strength and quality of the acoustic

communication is acceptable when compared against a predetermined or user-

selected threshold value.

[0022] The implant assist device 18 can be used to assist in delivering and

positioning the IMD 12 at an acceptable acoustic position within the target region

of the patient's body. As shown in FIG. 1, the implant assist device 18 is

configured to receive acoustic signals 44 transmitted by the IMD 12. Additionally,

the implant assist device 18 is also configured to transmit acoustic signals to be

received by the IMD 12 prior to deployment of the IMD 12 from within the delivery

catheter 16 (e.g., during delivery of the IMD 12 within the body) or subsequent to



deployment of the IMD 12 within the body. The implant assist device 18 converts

the acoustic signal 44 received from the IMD 12 into an electrical signal, and using

this signal as feedback, evaluates the strength and quality of the acoustic

telemetry link. Based on this information, the clinician may adjust the position of

the delivery catheter 16 containing the IMD 12 until an acceptable acoustic

position has been identified. Once identified, the IMD 12 can then be removed

from the interior lumen 42 of the delivery catheter 16 and deployed within the

body.

[0023] During transmission of the acoustic signal 44 through the body,

absorption and spreading of the acoustic energy within the body tissue results in

the attenuation of the acoustic energy received by the implant assist device 18.

The attenuation is mostly due to spreading losses resulting from the acoustic

energy dispensing within the body volume as well as absorption losses in the

intrabody medium and reflection losses at the boundaries of the intrabody medium

such as at the interface between different tissue types (e.g., between soft tissue

and bone) where there may be an abrupt change in acoustic impedance. The

amount of attenuation loss occurring within the body is dependent on several

factors, including the physical anatomy between the IMD 12 and the implant assist

device 18 , the frequency of the acoustic transmission, as well as other factors. As

a result of the acoustic losses and reflections occurring in the intrabody medium

and at the medium interface, the magnitude and duration of the acoustic energy

received by the implant assist device 18 from the IMD 12 may be significantly

altered from that originally emitted by the IMD 12.

[0024] FIG. 2 is a schematic view of the IMD 12 and the implant assist

device 18 of FIG. 1 according to an illustrative embodiment. The IMD 12 is

configured for acquiring physiological information from a patient and/or providing

therapy to the patient. The implant assist device 18 is configured for interacting

with the IMD 12 via an acoustic telemetry link 46. For example, the implant assist

device 18 may wirelessly receive an acoustic signal from the IMD 12 and/or may

wirelessly transmit an acoustic signal to the IMD 12. In some embodiments,

another implantable medical device may wirelessly interact with the IMD 12, either

directly or indirectly via the implant assist device 18 in a manner described, for

example, in United States Patent Application Serial No. 11/373,005, entitled "Body



Attachable Unit In Wireless Communication With Implantable Devices," which is

expressly incorporated herein by reference in its entirety for all purposes. In some

embodiments, the IMD 12 and/or the implant assist device 18 may wirelessly

interact with an external auxiliary device such as an external computer and/or a

caregiver server or database.

[0025] The IMD 12 can be selectively actuated between an active state,

during which the IMD 12 expends energy to perform one or more functions within

the body, and a standby state, during which the IMD 12 is not currently performing

its intended medical function and most or all of the energy-consuming circuitry is

powered off. The IMD 12 can be configured to remain in the standby state until

awoken to the active state by the implant assist device 18. In some embodiments,

the implant assist device 18 is capable of transmitting an activation or wake-up

command to activate the IMD 12. The implant assist device 18 can also be

configured to transmit a sleep command that deactivates the IMD 12. In some

embodiments, the IMD 12 may automatically deactivate after a certain period of

time has elapsed or after a particular medical function has been performed.

[0026] The implant assist device 18 wirelessly communicates with the IMD

12 using acoustic energy (e.g., at a relatively low frequency of 40 kHz), and in

particular, by transmitting and receiving acoustic energy through the body. In

some embodiments, the implant assist device 18 may wirelessly receive the

acoustic energy from the IMD 12 and/or may transmit acoustic energy to control or

operate the IMD 12. In some embodiments, the implant assist device 18 may also

transmit acoustic energy for charging the IMD 12.

[0027] In some embodiments, the implant assist device 18 is an external

device that can be acoustically coupled to the patient's body. In certain

embodiments, for example, the implant assist device 18 is a portable, battery

operated device that can be held in contact with the patient's body by a clinician or

the patient. In other embodiments, the implant assist device 18 is attached to the

patient's body using an attachment mechanism such as a strap, patch, belt, or any

other means for coupling the device 18 to the patient's body. Further details

regarding various means of securely attaching control devices to patients are

provided in United States Patent No. 7,283,874, entitled "Acoustically Powered

Implantable Stimulating Device," which is expressly incorporated herein by



reference in its entirety for all purposes. In some embodiments, the implant assist

device 18 can also be a part of another external device (e.g. an external monitor,

a computer, a patient monitoring system, etc.).

[0028] In an alternative embodiment, the implant assist device 18 is

configured to be temporarily implanted at a location within the patient's body. For

example, in those embodiments where the IMD 12 is configured to acoustically

communicate with an implant such as a pacemaker or defibrillator, the implant

assist device 18 may be temporarily placed in or near the body cavity that

normally supports the implant. Such placement of the implant assist device 18

ensures that the acoustic signal transmitted by the IMD 12 and received by the

device 18 follows a path similar to that followed once the IMD 12 is implanted

within the body and is placed into communication with the implant. In some

embodiments, the implant assist device 18 may be integrated into another implant

such as a pacemaker or defibrillator.

[0029] The structure of the IMD 12 will now be described. In the illustrative

embodiment of FIG. 2 , the IMD 12 includes a casing 48, an operative element 50,

control/processing circuitry 52, an energy storage device 54, and an acoustic

switch 56, which includes an acoustic transducer 58, a signal detector 60 and a

deactivation/activation switch component 62. In some embodiments, the acoustic

transducer 58 is configured to both transmit and receive acoustic signals. In other

embodiments, the IMD 12 includes at least one acoustic transducer configured to

transmit an acoustic signal and at least one acoustic transducer configured to

receive an acoustic signal.

[0030] The casing 48 houses all of the internal components of the IMD 12,

is composed of a suitable biocompatible material, and is hermetically sealed to

isolate the components from the environment outside of the IMD 12. Further

details regarding the construction of casings for implantable devices is described,

for example, in United States Patent No. 6,764,446, entitled "Implantable Pressure

Sensors And Methods For Making And Using Them," which is expressly

incorporated herein by reference in its entirety for all purposes.

[0031] The operative element 50 may comprise a biosensor that generates

a signal related to a sensed physiological parameter. Such physiological

parameters may include, but are not limited to, pressure, temperature, electrical



impedance, position, strain, pH, blood flow, radiation level, glucose level, and the

like. Additional sensors may be provided for the measurement of other

physiological parameters and/or for calibrating the IMD 12, if desired. The

operative element 50 may also comprise a bioactuator that provides therapy to the

patient. In certain embodiments, for example, the bioactuator may be used for

providing drug delivery, neurostimulation therapy, cardiac pacing therapy, or

defibrillation therapy to the patient. Additional operative elements may also be

provided for performing other functions within the body.

[0032] The control/processing circuitry 52 includes circuitry for activating

and/or controlling the operative element 50. For example, if the operative element

50 is a biosensor, the control/processing circuitry 52 can be used to process one

or more physiological parameters sensed by the operative element 50, and

wirelessly transmit such physiological information via the acoustic transducer 58

to another implanted device and/or external monitor. If the operative element 50

is a bioactuator, the control/processing circuitry 52 can be used to control the

operative element 50 for providing therapy to the patient using a pre-programmed

protocol.

[0033] The control/processing circuitry 52 may also include memory for

storing information such as data received from the operative element 50 and/or

commands for use internally. The control/processing circuitry 52 may include an

oscillator or other circuitry for modulating the acoustic signals transmitted to the

implant assist device 18, and for measuring time. In some embodiments, the

control/processing circuitry 52 may include a processor for analyzing, interpreting,

and/or processing the signals received by the operative element 50 and the

signals received from the implant assist device 18.

[0034] The energy storage device 54 may be any of a variety of known

devices such as a battery or a power capacitor. In some embodiments, the

energy storage device 54 includes both a capacitor and a primary, non-

rechargeable battery. The energy storage device 54 may be capable of storing

electrical energy substantially indefinitely unless actively discharged. In addition,

the energy storage device 54 may be capable of being charged from an external

source, and in particular, from acoustic energy transmitted to the IMD 12 from the



implant assist device 18 or another device in acoustic communication with the

IMD 12.

[0035] In certain embodiments, the acoustic transducer 58 includes one or

more piezoelectric transducer elements configured for transmitting and receiving

acoustic signals. In a reception mode of operation, the acoustic transducer 58

generates an electrical signal proportional to the magnitude of the acoustic signal

wirelessly received from the implant assist device 18, which is then conveyed to

the control/processing circuitry 52 when the IMD 12 is in the active state.

Similarly, in a transmission mode of operation the acoustic transducer 58

generates an acoustic signal proportional to the magnitude of the electrical signal

conveyed from the control/processing circuitry 52 when the IMD 12 is in the active

state, which is then wirelessly transmitted to the implant assist device 18 .

[0036] The signal detector 60 is configured to generate an activation trigger

signal to activate the IMD 12 via the deactivation/activation switch component 62.

The activation trigger signal is generated by the signal detector 60 when the

electrical signal generated by the acoustic transducer 58 exceeds a specific

voltage threshold. The deactivation/activation switch component 62 is the

component through which current is delivered from the energy storage device 54

to the control/processing circuitry 52 when actuated. In response to the

generation of the activation trigger signal by the signal detector 60, the switch

component 62 is actuated to allow current to flow to the control/processing

circuitry 52, thereby placing the IMD 12 in the active state. The switch component

62 can also be actuated to prevent current from flowing to the control/processing

circuitry 52, thereby placing the IMD 12 in the standby state. Further details

regarding the general construction and function of acoustic switches are disclosed

in United States Patent No. 6,628,989, entitled "Acoustic Switch And Apparatus

And Methods For Using Acoustic Switches Within The Body," which is expressly

incorporated herein by reference in its entirety for all purposes.

[0037] An acoustic activation or wake-up command can be used to activate

the IMD 12 when the IMD 12 is in the standby state. When in the standby state,

the electrical signal is not passed to the control/processing circuitry 52, but rather

acts solely to close the acoustic switch 56. To activate the IMD 12, one or more

activation acoustic energy pulses can be transmitted from the implant assist



device 18 to the IMD 12, which can be received by the acoustic transducer 58.

Upon excitation, the acoustic transducer 58 generates an electrical signal that

causes the signal detector 60 to generate a trigger signal that is used to close,

open, or otherwise activate the switch component 62.

[0038] The structure of the implant assist device 18 will now be described.

In the illustrative embodiment of FIG. 2 , the implant assist device 18 includes a

casing 64, an on-board sensor 66, an acoustic transducer 68, control/processing

circuitry 70, an audio/visual user feedback device 72, and an energy storage

device 74. The casing 64 is configured to house the components of the implant

assist device 18 , and in some embodiments is sized and shaped to be

comfortably held or worn by the patient or the clinician. Alternatively, in those

embodiments in which the implant assist device 18 is configured to be implanted

within the body, the casing 64 may comprise a suitable biocompatible material.

[0039] The sensor 66 may comprise a biosensor that generates a signal in

response to a measured parameter. In one embodiment, for example, the sensor

66 may comprise a barometric pressure sensor configured to measure barometric

pressure for use by the IMD 12. The implant assist device 18 may include one or

more additional sensors such as an ECG electrode sensor, an impedance sensor,

a systemic blood pressure sensor, a posture sensor, a global positioning system

(GPS) sensor, an activity sensor, a temperature sensor, and/or an oximeter.

[0040] The acoustic transducer 68 for the implant assist device 18 is

configured to both transmit and receive acoustic signals to and from the IMD 12.

In other embodiments, the implant assist device 18 includes at least one

transducer configured for receiving an acoustic signal from the IMD 12 and at

least one transducer for transmitting an acoustic signal to the IMD 12. In a

reception mode, the acoustic transducer 68 generates an electrical signal

proportional to the magnitude of acoustic energy received by the transducer 68,

which is then conveyed to the control/processing circuitry 70. In similar fashion, in

a transmission mode the acoustic transducer 68 generates an acoustic signal

proportional to the magnitude of the electrical energy generated by the

control/processing circuitry 70. An example acoustic transducer that can be used

in small profile external units is disclosed in United States Patent Application

Serial No. 11/287,557, entitled "Implantable Medical Device with Integrated



Acoustic Transducer," which is expressly incorporated herein by reference in its

entirety for all purposes.

[0041] The control/processing circuitry 70 includes circuitry for activating or

controlling the sensor 66 and for receiving signals from the sensor 66. In some

embodiments, the control/processing circuitry 70 may include an oscillator or other

circuitry for modulating the acoustic signals transmitted to the IMD 12 via the

acoustic transducer 68, and for measuring time. In some embodiments, the

control/processing circuitry 70 can also include signal detection circuitry for

detecting acoustic signals received from the IMD 12 via the acoustic transducer

68 or from another acoustic transducer coupled to the implant assist device 18 .

[0042] In some embodiments, the control/processing circuitry 70 includes a

processor for analyzing, interpreting, and/or processing the received acoustic

signals, and a memory for storing the processed information and/or commands for

use internally. In certain embodiments, for example, the control/processing

circuitry 70 can be used to analyze the strength and quality of the acoustic signal

received from the IMD 12. The control/processing circuitry 70 can also be used to

analyze other characteristics of the acoustic signals received from the IMD 12

and/or other information received from the IMD 12. The control/processing

circuitry 70 can also determine one or more parameters to change in the IMD 12.

The control/processing circuitry 70 can be configured as a digital signal processor

(DSP), a field programmable gate array (FPGA), an application specific integrated

circuit (ASIC)-compatible device, and/or any other hardware components or

software modules for processing, analyzing, storing data, and controlling the

operation of the implant assist device 18.

[0043] The user feedback device 72 can include a screen or display panel

for communicating information to the clinician and/or to the patient. For example,

the screen or display panel can display visual information indicative of the strength

and/or quality of the acoustic signal received from the IMD 12 for use in assessing

whether a target region within the body is acceptable for providing an adequate

acoustic link between the IMD 12 and the implant assist device 18 and/or between

the IMD 12 and another implant or external device that acoustically communicates

with the IMD 12. In certain embodiments, where the implant assist device 18 is

integrated into another device, the screen or display panel may also be used to



display other information such as any physiological parameters monitored by the

IMD 12. The implant assist device 18 may also provide aural and tactile feedback

to the clinician and/or patient.

[0044] In some embodiments, the implant assist device 18 includes an

interface for connecting to the Internet, to a cell phone, and/or to other wired or

wireless means for downloading or uploading information and programs,

debugging data, and upgrades. In some embodiments, this connection may also

be used for charging the energy storage device 74 within the implant assist device

18. According to some embodiments, the implant assist device 18 is also capable

of operating in two modes: a user mode that provides useful clinical information to

the patient or a caregiver, and a diagnostic mode that provides information to an

individual for calibrating and/or servicing the implant assist device 18.

[0045] FIGS. 3A-3C are several schematic views showing a system 10

used to deliver and position an IMD 12 at a target region within a patient's body.

In a first view shown in FIG. 3A, the IMD 12 is initially disposed within the interior

lumen 42 of the delivery catheter 16. The catheter 16 containing the IMD 12 can

be delivered to a target region within the body using delivery techniques known to

those of skill in the art and under visualization (e.g. via fluoroscopy). According to

one embodiment, and as shown in FIGS. 3A-3C, the delivery catheter 16 is used

to deliver the IMD 12 to a target region within a pulmonary artery 32.

[0046] In some embodiments, the implant assist device 18 is acoustically

coupled to the patient's skin at a location adjacent to the target region of the body

where implantation of the IMD 12 is desired, and where communication between

the IMD 12 and an external communicating device (e.g., an external monitor) is

likely. In other embodiments, the implant assist device 18 may be temporarily

implanted within the patient's body at a location at or near where another implant

that acoustically communicates with the IMD 12 is situated. In some

embodiments, for example, the implant assist device 18 can be placed in or near

the pocket within the body that contains an implanted pulse generator that

acoustically communicates with the IMD 12.

[0047] To assess whether acoustic communication between the IMD 12

and the implant assist device 18 or another implant or external device is

adequate, the implant assist device 18 can be configured to transmit an acoustic



signal to the IMD 12 prior to deployment. Upon receiving the acoustic signal, the

IMD 12 enters into a transmission mode of operation and transmits an acoustic

signal back to the implant assist device 18 . In some embodiments, the IMD 12

transmits an acoustic signal to the implant assist device 18 while the IMD 12 is

partially or entirely disposed within the interior lumen 42 of the catheter 16. The

implant assist device 18 evaluates the strength and quality of the acoustic signal

received from the IMD 12 and then provides this information to the clinician via the

user feedback device 72 as discussed, for example, with respect to FIG. 2 .

[0048] The displayed information can then be used by the clinician to adjust

the positioning of the IMD 12 within the target region of the patient's body by

moving the delivery catheter 16 in either a proximal or a distal direction within the

artery 32 and/or by rotating the catheter 16 within the artery 32. As can be further

seen in a second view in FIG. 3B, for example, the position of the IMD 12 within

the artery 32 has been adjusted by advancing the delivery catheter 16 in a distal

direction within the artery 32. The process of verifying the acoustic performance

at each new position within the target implantation region is then repeated, as

described with reference to FIG. 3A, in order to verify the strength and/or quality of

the acoustic transmission at each location.

[0049] Once an acceptable acoustic position within the target implantation

region has been identified, the IMD 12 can then be deployed and the delivery

catheter 16 withdrawn from the patient's body. FIG. 3C shows the IMD 12

deployed within the pulmonary artery 32. Once the IMD 12 is implanted within the

body, the implant assist device 18 can also be used to verify the signal strength

and quality of the acoustic transmission from the implanted IMD 12, if desired. In

some embodiments, for example, the IMD 12 may transmit an acoustic signal to

the implant assist device 18 from a position outside of the catheter 16 once the

IMD 12 has been withdrawn from the interior lumen 42. If the strength and/or

quality of the acoustic transmission is poor or unacceptable after implantation, the

IMD 12 can be retrieved and re-deployed as necessary before fibrous in-growth at

the site of implantation has occurred. Once implanted, the IMD 12 can then be

activated to perform its designated function. Subsequent to implantation of the

IMD 12, the implant assist device 18 can also be utilized to periodically evaluate

the acoustic communication link to determine whether the IMD 12 can continue to



accurately transmit sensor data and device status information in view of any

physiological changes that may have occurred within the body over time.

[0050] FIG. 4 is a flow diagram of an illustrative method 78 for evaluating

an acoustic communication link between an IMD 12 and an implant assist device

18. The method 78 may represent, for example, several steps used in delivering

and positioning an IMD 12 at a target region within a patient's body using the

implant assist device 18 as an aid to evaluate communication performance. In

one embodiment, as shown in FIG. 4 , the implant assist device 18 may initially

send an acoustic wake-up command to an IMD 12 located within a delivery

catheter 16 prior to implantation of the IMD 12 in order to transition the IMD 12

from a stand-by mode or sleep mode of operation to an active mode of operation

(block 80). If the initial command is of a sufficient amplitude to wake up the IMD

12 (block 82), the IMD 12 responds by transmitting an acoustic signal back to the

implant assist device 18 (block 84). If no response is received from the IMD 12,

or if the amplitude of the acoustic signal received from the IMD 12 is too low or the

timing is inappropriate, another acoustic wake-up command can be transmitted by

the implant assist device 18 to the IMD 12.

[0051] With each subsequent transmission from the implant assist device

18, the amplitude of the wake-up command can be increased (block 86). Other

parameters such as the frequency and/or duration of the wake-up command can

also be adjusted. This process is repeated until the IMD 12 reaches an activated

state.

[0052] In an activated state, the IMD 12 transmits an acoustic signal (block

84). The implant assist device 18 receives the acoustic signal transmitted by the

IMD 12 (block 88) and converts this signal into an electrical signal that is fed to the

control/processing circuitry 70. The control/processing circuitry 70 then evaluates

the signal strength, frequency, duration, and/or quality of the acoustic signal

received from the IMD 12 to ascertain the performance of the acoustic link

between the IMD 12 and the implant assist device 18 (block 90). In some

embodiments, for example, the implant assist device 18 is configured to compare

the signal strength of the acoustic signal against a predetermined set of signal

criteria based on the implantation location to determine if the implantation location

is acceptable. For implantation in a pulmonary artery, for example, the IMD 12



can be configured to transmit an acoustic signal having a predetermined

amplitude to the implant assist device 18 in order to determine whether

implantation of the IMD 12 at that location is appropriate, or if repositioning of the

IMD 12 is necessary.

[0053] This information is then provided to the clinician via the user

feedback device 72 to ascertain whether the signal strength and quality of the

acoustic link is acceptable (block 92). According to one exemplary embodiment,

the information displayed by the implant assist device 18 can include a number of

bars indicating the signal strength and quality of the acoustic signal transmitted by

the IMD 12. In some embodiments, the bars can be both red and green to permit

the clinician to quickly determine whether the implantation location is acceptable.

When the strength and quality of the acoustic signal received reaches an

acceptable level, for example, the screen or display panel may display a number

of bars that are all green indicating that the communication link is adequate.

According to another embodiment, for example, the user feedback device 72 may

simply display a symbol (e.g., a green light) when the strength and quality of the

acoustic signal transmitted by the IMD 12 has reached an acceptable

performance level. Other means of providing visual, aural, and/or tactile feedback

to the clinician are also possible.

[0054] With each subsequent adjustment of the IMD 12 within the patient's

body (block 94), the process is repeated until the implant assist device 18

indicates that the strength and quality of the acoustic link has reached an

acceptable level. An acceptable level of performance may be, for example, a

signal to noise [SIU) ratio equal to or greater than about 2 . Other parameters may

also be used by the implant assist device 18 to assess the performance of the

acoustic link including, for example, noise floor level, carrier frequency, signal

timing, signal duration, and/or signal morphology. Other parameters such as that

discussed further herein with respect to FIG. 5 may also be used by the implant

assist device 18, or in some cases also the IMD 12, to assess the performance of

the acoustic link. When the signal strength and quality of the received acoustic

signal is deemed acceptable, the IMD 12 may then be deployed (block 96).

[0055] In some embodiments, a wake-up threshold margin associated with

the IMD 12 may be used to assess the signal strength and quality of the acoustic



link. The wake-up threshold margin may represent, for example, the additional

signal strength transmission capability of the implant assist device 18 as

compared to a wake-up threshold level required to wake-up the IMD 12 from a

standby state to an active state. For example, if an implant assist device 18 is

capable of transmitting an acoustic signal at a level of between 1 and 10, and the

wake-up threshold for the IMD 12 is 2 , the wake-up threshold margin is therefore

8 (i.e., 80%), which may indicate an adequate acoustic communication link

between the IMD 12 and the implant assist device 18. As another example, if the

implant assist device 18 is capable of transmitting a signal level of between 1 and

10, and the wake-up threshold for the IMD 12 is 9 , the wake-up threshold margin

is 1 (i.e., 10%), which may indicate an inadequate acoustic communication link

between the IMD 12 and the implant assist device 18.

[0056] According to some embodiments, the implant assist device 18 can

also be used to ascertain the performance of the acoustic communication link

after implantation, following the steps as described above. In some cases, for

example, the implant assist device 18 can be used by a clinician as an aid to

periodically check the status of the communication link subsequent to implantation

of the IMD 12 within the body to determine whether any physiological changes at

the implantation site or elsewhere in the body are affecting the acoustic

communication link. The implant assist device 18 may also be used as an aid to

verify that the IMD 12 itself is operating properly.

[0057] FIG. 5 is a flow diagram of another illustrative method 98 for

evaluating acoustic communication link between an IMD 12 and an implant assist

device 18. Similar to the method 78 described above with respect to FIG. 4 , the

method 98 may represent, for example, several steps used in delivering and

positioning an IMD 12 at a target region within a patient's body using the implant

assist device 18 as an aid to evaluate communication performance. As shown in

Figure 5 , the implant assist device 18 may initially send an acoustic wake-up

command to an IMD 12 located within a delivery catheter 16 prior to implantation

of the IMD 12 in order to transition the IMD 12 from a stand-by or sleep mode of

operation to an active mode of operation (block 100). Initially, the IMD 12 is

programmed to wake up and transition to the active mode of operation in

response to an acoustic wake-up command having a pre-determined amplitude



level. In some embodiments, for example, the IMD 12 is initially programmed to

transition to the active mode of operation in response to an acoustic wake-up

command transmitted by the implant assist device 18 at a reduced power level

such as, for example, a 50% transmission power level. If the initial, reduced-

power wake-up command is of a sufficient amplitude to wake up the IMD 12

(block 102), the control/processing circuitry 52 within the IMD 12 adjusts the

transmission power level of the IMD 12 to match the power level of the received

acoustic wake-up command (block 104) and then transmits an acoustic signal at

the adjusted power level back to the implant assist device 18 (block 106). If, for

example, the acoustic wake-up command received by the IMD 12 has a 50%

transmission power level and is sufficient to wake up the IMD 12, the

control/processing circuitry 52 within the IMD 12 can adjust the transmission

power level of the IMD 12 to 50% and then transmit an acoustic signal at the 50%

power level back to the implant assist device 18.

[0058] If no response is received back from the IMD 12, or if the amplitude

of the acoustic signal received from the IMD 12 is too low, the implant assist

device 18 may increase power level to a new level (block 106) and transmit

another acoustic wake-up command to the IMD 12 (block 100). If, for example,

the previous acoustic wake-up command was set at a 50% power level, and the

implant assist device 18 did not receive a response back from the IMD 12, the

implant assist device 18 may increase the power level to a new level (e.g., 60%),

and then transmit another acoustic wake-up command at this new level. With

each subsequent transmission from the implant assist device 18, the amplitude of

the wake-up command can be increased (block 106). The process is then

repeated until the IMD 12 reaches an activated state.

[0059] The implant assist device 18 can be configured to vary one or more

other parameters of the acoustic wake-up signal transmitted to the IMD 12 in

addition to or in lieu of the transmission power level (block 108). In some

embodiments, for example, the implant assist device 18 may vary the pulse count

or pulse duration of the acoustic wake-up command transmitted to the IMD 12 to

determine a minimum pulse count or duration necessary to wake up the IMD 12 at

a particular amplitude level. The carrier frequency of the carrier signal provided

as part of the acoustic wake-up command can also be adjusted to determine the



frequency or range of frequencies that cause the IMD 12 to wake up at a

particular amplitude level. The carrier frequency can be adjusted, for example, by

sweeping the carrier signal across a range of frequencies, or by step-wise

adjusting the frequency at discrete frequency levels. In some cases, this may

permit the implant assist device 18 to determine a communication frequency that

closely matches the resonance frequency of the acoustic transducer 58 of the IMD

12.

[0060] In an activated state, and in some embodiments, the implant assist

device 18 may further download additional information to the IMD 12 that can be

used to adjust the operation of the IMD 12 for purposes of evaluating the

performance of the acoustic communication link. In some embodiments, for

example, the implant assist device 18 may transmit a command to the IMD 12

causing the IMD 12 to adjust the receiver threshold and gain associated with the

acoustic transducer 58, or to adjust the decode ratio (e.g., times out of 8)

necessary to decode encoded sensor data sent by the IMD 12. The implant assist

device 18 may also send other commands to the IMD 12 prompting the IMD 12 to

adjust various communication parameters relating to the acoustic transmission

from the IMD 12 to the implant assist device 18. Example parameters relating to

the acoustic transmission from the IMD 12 to the implant assist device 18 may

include the pulse count (e.g., the number of pulses per transmission) and the data

rate (e.g., the time or duration between bits). The implant assist device 18 may

also transmit a command that adjusts the clock frequency of the IMD 12 during

uplink transmissions to the implant assist device 18.

[0061] The IMD 12 next transmits an acoustic signal (block 110). The

implant assist device 18 receives the acoustic signal transmitted by the IMD 12

(block 112) and converts this signal into an electrical signal that is fed to the

control/processing circuitry 70. The control/processing circuitry then evaluates the

signal strength, frequency, duration, and/or quality of the acoustic signal received

from the IMD 12 to evaluate the performance of the acoustic link between the IMD

12 and the implant assist device 18 (block 114). In some embodiments, for

example, the implant assist device 18 may measure parameters such as the peak

signal amplitude of the acoustic signal and the difference between the peak signal

amplitude and a predetermined threshold based on the implantation location. The



implant assist device 18 may also measure other parameters such as the pulse

count of the received acoustic signal, the clock skew associated with the IMD 12,

the bit error rate, and the bit correction rate. Other information such as the

receiver gain and threshold of the implant assist device 18 and the blanking

interval may also be determined. This information may then be provided to the

clinician via the user feedback device 72 to ascertain whether the signal strength

and quality of the acoustic link is acceptable (block 116). In some cases, a

weighted sum that weighs multiple parameters (e.g., pulse count, clock skew, S/N

ratio) together may be used to ascertain whether the signal strength and quality

of the acoustic link is acceptable.

[0062] With each subsequent adjustment of the position of the IMD 12

within the patient's body (block 118), the process is then repeated until the implant

assist device 18 indicates that the strength and quality of the acoustic link has

reached an acceptable level. The IMD 12 may then be deployed (block 120) within

the body. Subsequent to implantation, the implant assist device 18 can then be

further used to periodically check the status of the communication link and/or the

operation of the IMD 12.

[0063] Figure 6 is a schematic view showing an illustrative screen or

display panel 124 that can be used to provide a clinician with feedback on the

status of an acoustic communication link established between an IMD 12 and the

implant assist device 18. In some embodiments, for example, the screen or

display panel 124 may be provided as part of the user feedback device 72

described above with respect to FIG. 2 to provide a clinician with feedback on the

status of an acoustic communication link between the IMD 12 and the implant

assist device 18, or alternatively, between the IMD 12 and another internal or

external device in acoustic communication with the IMD 12.

[0064] In the embodiment shown, the screen or display panel 124 includes

a communication status icon 126 that indicates whether the implant assist device

18 is currently communicating with the IMD 12. Display of the communication

status icon 126 on the screen or display panel 124 may indicate, for example, that

the implant assist device 18 has transmitted an acoustic wake-up command to the

IMD 12 and has successfully received an acoustic signal back from the IMD 12. A

blinking communication status icon 126 may represent that the implant assist



device 18 has transmitted an acoustic wake-up command to the IMD 12 and is

awaiting a response back from the IMD 12. Other information regarding the status

of the communication link, the operation of the IMD 12, and/or the operation of the

implant assist device 18 may also be provided on the screen or display panel 124.

[0065] A number of signal strength bars 128a-128e on the screen or display

panel 124 may provide the clinician with visual feedback of the signal strength and

quality of the acoustic communication link established between the IMD 12 and

the implant assist device 18. A greater number of bars 128a-128e on the display

panel 124 may indicate a greater signal strength and/or quality whereas a fewer

number of bars 128a-128e may indicate a diminished signal strength and/or

quality. For example, as shown in FIG. 6 , the illumination of two signal strength

bars 128a, 128b on the screen or display panel 124 may indicate that the acoustic

communication link is sufficient but not optimal. As discussed previously with

respect to FIGS. 4-5, this information may then be used by the clinician to

determine whether to deploy the IMD 12 at a particular location or position within

the body or, once the IMD 12 has been deployed, to determine whether the IMD

12 can continue to accurately transmit sensor data and device status information

in view of any physiological changes that may have occurred within the body over

time.

[0066] In some embodiments, the number of bars 128a-128e displayed

may correspond to a weighted sum that utilizes multiple parameters associated

with the performance of the acoustic communication link. By way of example and

not limitation, the display of all five bars 128a-128e may represent that the IMD 12

is communicating at a 25% pulse count, a 4% clock skew, and a S/N ratio of 10 .

Display of four bars 128a-128d may represent, for example, that the IMD 12 is

communicating at a 50% pulse count, a 3% clock skew, and a S/N ratio of 5 .

Display of three bars 128a-128c may represent, for example, that the IMD 12 is

communicating at a 75% pulse count, a 2% clock skew, and a S/N ratio of 3 .

Display of two bars 128a-128b may represent, for example, that the IMD 12 is

communicating at a 100% pulse count, a 1% clock skew, and a S/N ratio of 2 . A

single bar 128a may represent that the IMD 12 is communicating at its maximum

settings (e.g., maximum signal amplitude, pulse count, etc.) and requires

pahty/CRC error correction. No bars on the screen or display panel 124 may



represent that the implant assist device 18 received no response from the IMD 12

or that unrecoverable parity/CRC errors exist when the IMD 12 is communicating

at its maximum settings. Other parameters may also be associated with each of

the signal strength bars 128a-128e.

[0067] Various modifications and additions can be made to the exemplary

embodiments discussed without departing from the scope of the present

invention. For example, while the embodiments described above refer to

particular features, the scope of this invention also includes embodiments having

different combinations of features and embodiments that do not include all of the

described features. Accordingly, the scope of the present invention is intended to

embrace all such alternatives, modifications, and variations as fall within the

scope of the claims, together with all equivalents thereof.



CLAIMS

What is claimed is:

1. A system for delivering and positioning an implantable device at a

target location within a patient's body, comprising:

a catheter adapted to deliver an implantable device, the implantable

device including a biosensor and at least one acoustic

transducer configured to transmit an acoustic signal; and

an implant assist device in acoustic communication with the

implantable device via an acoustic communication link, the

implant assist device including at least one acoustic transducer

adapted to receive the acoustic signal from the implantable

device and circuitry configured to evaluate a performance of the

acoustic communication link based at least in part on the

acoustic signal transmitted from the implantable device.

2 . The system of claim 1, wherein the implant assist device is an

external device.

3 . The system of claim 1, wherein the implant assist device is an

implantable device.

4 . The system of claim 1, wherein the implant assist device includes a

user feedback device.

5 . The system of claim 1, wherein the implant assist device is

configured to receive the acoustic signal from the implantable device while the

implantable device is at least partially disposed within an interior lumen of the

catheter.

6 . An implant assist device for evaluating an acoustic communication

link with an implantable device, the implantable device configured to transmit an



acoustic signal at a location within a patient's body, the implant assist device

comprising:

at least one acoustic transducer adapted to receive the acoustic

signal transmitted by the implantable device;

circuitry configured to evaluate a performance of the acoustic

communication link based at least in part on evaluating one or

more parameters of the acoustic signal transmitted by the

implantable device; and

a user interface configured to provide information indicative of the

performance of the acoustic communication link to a user.

7 . The implant assist device of claim 6 , wherein the implant assist

device is an external device.

8 . The implant assist device of claim 6 , wherein the implant assist

device is an implantable device.

9 . A method for evaluating an acoustic communication link between an

implantable device and an implant assist device, comprising:

establishing an acoustic communication link between the

implantable device and the implant assist device, the implant

assist device including an acoustic transducer configured to

receive an acoustic signal transmitted by the implantable device

and circuitry configured to evaluate a performance of the

acoustic communication link;

evaluating the performance of the acoustic communication link

between the implant assist device and the implantable device

based at least in part on one or more parameters associated

with the acoustic signal; and



providing information to a user interface indicating the performance

of the acoustic communication link.

10. The method of claim 9 , wherein establishing an acoustic

communication link between the implantable device and the implant assist device

includes transmitting the acoustic signal while the implantable device is at least

partially disposed within an interior lumen of a delivery catheter.

11. The method of claim 9 , wherein evaluating the performance of the

acoustic communication link includes evaluating a signal strength and quality of

the acoustic signal received by the implant assist device.

12. The method of claim 9 , wherein evaluating the performance of the

acoustic communication link includes evaluating at least one of a noise floor level

parameter, carrier frequency parameter, signal timing parameter, signal duration

parameter, signal morphology parameter, receiver gain parameter, receiver

threshold parameter, carrier frequency parameter, decode ratio parameter, bit

error rate parameter, bit correction rate parameter, an acoustic dampening

parameter, and wake-up threshold margin parameter.

13. The method of claim 9 , wherein the one or more parameters

includes signal amplitude, and where evaluating the performance of the acoustic

communication link includes comparing the amplitude of the acoustic signal

against a threshold amplitude value.

14. The method of claim 9 , wherein the one or more parameters

includes a plurality of weighted parameters.

15. The method of claim 9 , further comprising adjusting a pulse count or

pulse duration of the acoustic signal transmitted by the implantable device, and

wherein evaluating the performance of the acoustic communication link includes

evaluating a response of the acoustic signal to the adjusted pulse count or pulse

duration.



16. The method of claim 9 , further comprising adjusting a clock skew of

the acoustic signal, and wherein evaluating the performance of the acoustic

communication link includes evaluating a response of the acoustic signal to the

adjusted clock skew.

17. The method of claim 9 , wherein establishing an acoustic

communication link includes transmitting a first acoustic signal from the implant

assist device to the implantable device and receiving a second acoustic signal

from the implantable device, wherein the second acoustic signal received from the

implantable device is proportional in amplitude to the first acoustic signal.

18. A method for delivering and positioning an implantable device at a

target location within a patient's body, the method comprising:

introducing a delivery catheter into a patient's body, the delivery

catheter including a distal portion having a lumen containing an

implantable device including a biosensor and an acoustic

transducer adapted to transmit an acoustic signal;

advancing the delivery catheter to a target region within the patient's

body;

establishing an acoustic communication link between the

implantable device within the catheter and an implant assist

device, the implant assist device including an acoustic

transducer adapted to receive the acoustic signal from the

implantable device and circuitry configured to evaluate a

performance of the acoustic communication link;

evaluating the performance of the acoustic communication link

between the implant assist device and the implantable device

based at least in part on one or more parameters associated

with the acoustic signal;

providing information to a user interface indicating the performance

of the acoustic communication link; and



deploying the implantable device at a target region within the

patient's body.

19. The method of claim 18, wherein evaluating the performance of the

acoustic communication link includes evaluating a signal strength and quality of

the acoustic signal received by the implant assist device.

20. The method of claim 18 , wherein the target region is within a

pulmonary artery.

2 1 . The method of claim 18 , further comprising adjusting a position of

the implantable device within the target region based at least in part on the signal

strength of the acoustic communication link.

22. The method of claim 18, wherein the position of the implantable

device is adjusted by moving or rotating the catheter within the body based on

feedback from the user interface.

23. The method of claim 18 , further comprising re-evaluating the

performance of the acoustic communication link once the implantable device is

adjusted within the target region.

24. The method of claim 18 , further comprising confirming the

performance of the acoustic communication link between the implantable device

and the implant assist device after deployment of the implantable device within the

body.

25. The method of claim 18, wherein evaluating the acoustic

communication link includes transmitting a first acoustic signal from the implant

assist device to the implantable device and receiving a second acoustic signal

from the implantable device, wherein the second acoustic signal received from the

implantable device is proportional in amplitude to the first acoustic signal.
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