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(54) Systems and methods for communicating with implantable devices

(57)  Systems and methods for communicating with
an implant within a patient’s body using acoustic telem-
etry includes an external communications device attach-
able to the patient’s skin. The device includes an acoustic
transducer for transmitting acoustic signals into the pa-
tient’s body and/or for receiving acoustic signals from the
implant. The device includes a battery for providing elec-
trical energy to operate the device, a processor for ex-
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tracting data from acoustic signals received from the im-
plant, and memory for storing data. The device may in-
clude an interface for communicating with a recorder or
computer, e.g, to transfer data from the implant and/or
to receive instructions for controlling the implant. The de-
vice is secured to the patient’s skin for controlling, mon-
itoring, or otherwise communicating with the implant,
while allowing the patient to remain mobile.
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Description

FIELD OF THE INVENTION:

[0001] The present invention relates generally to sys-
tems and methods for measuring physiological condi-
tions and/or performing therapeutic functions within a pa-
tient’s body, particularly to systems and methods for con-
trolling and/or energizing devices that may be implanted
within a body, and more particularly to implants that may
be energized, activated, controlled, and/or otherwise
communicate via acoustic energy.

BACKGROUND OF THE INVENTION:

[0002] Devices are known that may be implanted with-
in a patient’s body for monitoring one or more physiolog-
ical conditions and/or to provide therapeutic functions.
For example, sensors or transducers may be located
deep within the body for monitoring a variety of proper-
ties, such as temperature, pressure, strain, fluid flow,
chemical properties, electrical properties, magnetic prop-
erties, and the like. In addition, devices may be implanted
that perform one or more therapeutic functions, such as
drug delivery, defibrillation, electrical stimulation, and the
like.

[0003] Often it is desirable to communicate with such
devices once they are implanted within a patient by ex-
ternal command, for example, to obtain data, and/or to
activate or otherwise control the implant. An implant may
include wire leads from the implant to an exterior surface
of the patient, thereby allowing an external controller or
other device to be directly coupled to the implant. Alter-
natively, the implant may be remotely controlled, e.g.,
using an external induction device. For example, an ex-
ternal radio frequency (RF) transmitter may be used to
communicate with the implant. RF energy, however, may
only penetrate a few millimeters into a body, because of
the body’s dielectric nature, and therefore may not be
able to communicate effectively with an implant that is
located deep within the body. In addition, although an RF
transmitter may be able to induce a current within an
implant, the implant’s receiving antenna, generally a low
impedance coil, may generate a voltage that is too low
to provide a reliable switching mechanism.

[0004] In afurther alternative, electromagnetic energy
may be used to control an implant, since a body generally
does not attenuate magnetic fields. The presence of ex-
ternal magnetic fields encountered by the patient during
normal activity, however, may expose the patient to the
risk of false positives, i.e., accidental activation or deac-
tivation of the implant Furthermore, external electromag-
netic systems may be cumbersome and may not be able
to effectively transfer coded information to an implant.
[0005] Accordingly, systems and methods for commu-
nicating with an implant that may be implanted within a
patient’s body, such as a pressure sensor, a drug delivery
device, a pacemaker, or a nerve stimulator, would be
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considered useful.

SUMMARY OF THE INVENTION:

[0006] The present invention is generally directed to
systems and methods for communicating with implants
or other devices that are placed, e.g., using open surgical
or minimally invasive techniques, within a mammalian
body. The implant may include one or more sensors for
monitoring pressure or other physiological parameters
and/or may perform one or more therapeutic functions.
More particularly, the present invention is directed to ex-
ternal systems for controlling, activating, energizing,
and/or otherwise communicating with such implants us-
ing acoustic telemetry, and to methods for using such
systems.

[0007] In accordance with one aspect of the present
invention, a system is provided for communicating with
an implant within a body that includes an external com-
munications device, e.g., a controller, securable to an
exterior surface of a patient’s body. Preferably, the con-
troller is sufficiently small and portable that it may remain
secured to the patient, possibly for extended time peri-
ods. Forexample, the device may be attached to or within
a patch that may be secured to a patient’s skin.

[0008] In one embodiment, the device is an external
controller that generally includes one or more acoustic
transducers, including a first acoustic transducer, for
transmitting one or more acoustic signals into the pa-
tient’s body. The controller may also include an energy
source for powering the one or more acoustic transduc-
ers, and/or a processor or other electrical circuit for con-
trolling operation of the controller. In addition, one or more
of the acoustic transducers, such as the first acoustic
transducer, may be configured for receiving acoustic sig-
nals from an implant within the patient’s body. The con-
troller may include memory for storing data, and the proc-
essor may extract sensor data and/or other data from
acoustic signals received from an implant, e.g., for stor-
age inthe memory. In addition, the controller may include
aconnector, lead, transmitter, receiver, or other interface
for communicating with a recorder or other electronic de-
vice, such as a computer, personal digital assistant, or a
wireless device, such as a cellular phone. The controller
may be coupled to such an electronic device for trans-
ferring sensor data or other data stored in the memory
of the controller and/or for receiving instructions or com-
mands from the electronic device.

[0009] In addition, the system may include an implant
for placement within the patient’s body. The implant may
include an electrical circuit for performing one or more
commands when the implant is activated, an energy stor-
age device, and/or one or more acoustic transducers,
e.g., a second acoustic transducer, coupled to the elec-
trical circuit and/or the energy storage device. Optionally,
the electrical circuit may include a switch coupled to the
energy storage device and/or the second acoustic trans-
ducer. The second acoustic transducer may receive one
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or more acoustic signals from the first acoustic transduc-
er of the external device. For example, the switch may
be closed and/or opened in response to a first acoustic
signal to begin or discontinue currentflow fromthe energy
storage device to the electrical circuit or other compo-
nents of the implant.

[0010] In a preferred embodiment, the external con-
troller’'s processor controls the first acoustic transducer
totransmit a firstacoustic signal/or and a second acoustic
signal. The switch of the implant may be closed when
thefirst acoustic signal is received by the second acoustic
transducer, while the switch may be opened when the
second acoustic signal is received by the second acous-
tic transducer. In addition or alternatively, the first acous-
tic transducer may transmit first and second acoustic sig-
nals separated by a delay. The switch may be closed
and/or opened only when the second acoustic transducer
receives the first and second acoustic signals separated
by a predetermined delay, thereby minimizing the risk of
accidental activation or deactivation of the implant.
[0011] In yet another alternative, the first acoustic
transducer may transmit a first acoustic signal, e.g., an
activation signal, followed by a second acoustic signal,
e.g., including a set of commands. The second acoustic
transducer may receive the first and second acoustic sig-
nals, and the electrical circuit of the implant may extract
the set of commands from the second acoustic signal,
and control operation of the implant as instructed by the
setof commands. In a further alternative, the implant may
run continuously or intermittently, and the external con-
troller may control, monitor, energize, and/or program
the implant using acoustic telemetry during operation of
the implant.

[0012] In an exemplary embodiment, the implant may
include a sensor coupled to the electrical circuit, and the
one or more commands may include measuring a phys-
iological parameter within the body using the sensor. The
second acoustic transmitter may transmit one or more
acoustic signals including sensor data indicating the
physiological parameter to the controller. In an alternative
embodiment, the implantmay be coupled to a therapeutic
device or may include an internal therapeutic device cou-
pled to the electrical circuit. The electrical circuit may
control the therapeutic device in response to a physio-
logical parameter measured by the sensor orin response
to acoustic signals received from the external controller.
For example, the implant may include a pacemaker that
may be implanted via a minimally invasive catheter-
based procedure. Any programming and/or interrogation
of the pacemaker may be accomplished using acoustic
telemetry from the external controller. In yet another al-
ternative embodiment, the implant may include an actu-
ator coupled to the electrical circuit, and the one or more
commands may include activating the actuator to control
a therapeutic device coupled to the actuator, such as a
nerve stimulator or a controlled delivery drug release sys-
tem.

[0013] In addition, the energy storage device of the
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implant may include a rechargeable device, such as a
capacitor or a battery. For this embodiment, the system
may include an external charger that may include a probe
configured for placement against an exterior of the pa-
tient’'s body. The charger may include a source of elec-
trical energy, such as a radio frequency (RF) generator,
that is coupled to the probe. The probe may include an-
other acoustic transducer, e.g., a third acoustic transduc-
er, for converting electrical energy from the source of
electrical energy into acoustic energy. The third acoustic
transducer may transmit acoustic signals including
acoustic energy into the patient's body. One or more
acoustic transducers of the implant, e.g., the second
acoustic transducer, may be configured for converting
these acoustic signals into electrical energy for recharg-
ing the energy storage device and/or powering the im-
plant.

[0014] Thus, a system in accordance with the present
invention may include an external controller that has suf-
ficient power to control its own operation and to commu-
nicate with the implant. Because of its limited energy re-
quirements, however, the controller may be relatively
small and portable, e.g., may be attached to the patient,
while still allowing the patient to engage in normal phys-
ical activity. The controller may be used to communicate
with an implant, e.g., periodically activating or deactivat-
ing the implant, and/or recording data generated and
transmitted by the implant. Because it is located outside
the patient’s body, the controller may be more easily pro-
grammed or reprogrammed than the implant, and/or may
be repaired or replaced if necessary without requiring an
interventional procedure.

[0015] In addition, the system may include a separate
external charger that includes a substantially more pow-
erful energy source, enabling it to recharge the energy
storage device of the implant. For this reason, unlike the
external controller, the charger may be a relatively bulky
device that may include a portable probe for contacting
the patient’s skin, and a large energy generator or con-
verter that is stationary or of limited mobility. In an alter-
native embodiment, the external controller and charger
may be provided as a single device, e.g., including one
or more acoustic transducers and/or one or more proc-
essors for performing the functions of both devices, as
described above. In this embodiment, however, portabil-
ity of the system and convenience to the patient may be
compromised.

[0016] Otherobjects and features of the presentinven-
tion will become apparent from consideration of the fol-
lowing description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0017] The invention is herein described, by way of
example only, with reference to the accompanying draw-
ings, wherein:
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FIGS. 1A-1C are schematic drawings, showing ex-
emplary embodiments of an implant, in accordance
with the present invention.

FIG. 2 is a schematic of an exemplary circuit for use
as an acoustic switch, in accordance with the present
invention.

FIG. 3 is a cross-sectional view of a patient’s body,
showing a system for communicating with an im-
plant, in accordance with the present invention.
FIG. 4 is a schematic of an external controller for
communicating with an implant, such as that shown
in FIG. 3, in accordance with the present invention.
FIG. 5 is a schematic of another exemplary embod-
iment of an implant, in accordance with the present
invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS:

[0018] Turning tothe drawings, FIGS. 1A-1C schemat-
ically show several exemplary embodiments of an im-
plant 110, 210, 310, in accordance with the present in-
vention. Generally, the implant 110, 210, 310 includes
an electrical circuit 112, 212, 312 configured for perform-
ing one or more functions or commands when the implant
110, 210, 310 is activated, as described further below.
In addition, the implant 110, 210, 310 includes an energy
storage device 114 and optionally may include a switch
116 coupled to the electrical circuit 112, 212, 312 and
the energy storage device 114. The switch 116 may be
activated upon acoustic excitation 100 from an external
acoustic energy source (not shown) to allow current flow
fromthe energy storage device 114 to the electrical circuit
112,212,312.

[0019] In a preferred embodiment, the switch 116 in-
cludes an acoustic transducer 118, such as that dis-
closed in PCT Publication No. WO 99/34,453, published
July 8, 1999, orin U.S. application Serial No. 09/888,272,
filed June 21, 2001, the disclosures of which are express-
ly incorporated herein by reference. In addition, the
switch 116 also includes a switch circuit 120, such as
switch circuit 400 shown in FIG. 2, although alternatively
other switches, such as a miniature electromechanical
switch and the like (not shown) may be provided. In a
further alternative, the acoustic transducer 118 may be
coupled to the electrical circuit 112,212, 312 and/or the
energy storage device 114, and the switch circuit 120
may be eliminated.

[0020] The energy storage device 114 may be any of
avariety of known devices, such as an energy exchanger,
a battery and/or a capacitor (not shown). Preferably, the
energy storage device 114 is capable of storing electrical
energy substantially indefinitely for as long as the acous-
tic switch 116 remains open, i.e., when the implant
110,210,310 s in a "sleep" mode. In addition, the energy
storage device 114 may be capable of being charged
from an external source, e.g., inductively using acoustic
telemetry, as will be appreciated by those skilled in the
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art. In a preferred embodiment, the energy storage de-
vice 114 includes both a capacitor and a primary, non-
rechargeable battery. Alternatively, the energy storage
device 114 may include a secondary, rechargeable bat-
tery and/or capacitor that may be energized before acti-
vation or use of the implant 110, 210,310.

[0021] Theimplant 110,210, 310 may be surgically or
minimally invasively inserted within a human body in or-
der to carry out a variety of monitoring and/or therapeutic
functions. For example, the electrical circuit 112, 212,
312 may include a control circuit 122, 222, 322, a bio-
sensor 124, 224, an actuator 226, 326, and/or a trans-
mitter 128, as explained in application Serial No.
09/690,015, incorporated by reference above. The im-
plant 210, 310 may be configured for providing one or
more therapeutic functions, for example, to activate
and/or control a therapeutic device implanted within a
patient’s body, such as an atrial defibrillator or pacemak-
er, a pain relief stimulator, a neurostimulator, a drug de-
livery device, and/or a light source used for photodynamic
therapy. Alternatively, the implant may be used to monitor
a radiation dose including ionizing, magnetic and/or
acoustic radiation, to monitor flow in a bypass graft, to
produce cell oxygenation and membrane electropora-
tion, and the like. In addition or alternatively, the implant
110 may be used to measure one or more physiological
parameters within the patient’s body, such as pressure,
temperature, electrical impedance, position, strain, pH,
and the like.

[0022] The implant may operate in one of two modes,
a "sleep" or "passive" mode when the implant remains
dormant and not in use, i.e., when the acoustic switch
116 is open, and an "active" mode, when the acoustic
switch 116 is closed, and electrical energy is delivered
fromthe energy storage device 114 to the electrical circuit
112,212,312. Alternatively, the implant may operate con-
tinuously or intermittently. Because the acoustic switch
116 is open in the sleep mode, there is substantially no
energy consumption from the energy storage device 114,
and consequently, the implant may remain in the sleep
mode virtually indefinitely, i.e., until activated. Thus, an
implant in accordance with the present invention may be
more energy efficient and, therefore, may require a rel-
atively small energy storage device than implants that
continuously draw at least a small amount of current in
their "passive" mode.

[0023] TurningtoFIG. 1A, afirst preferred embodiment
of an implant 110 is shown in which the electrical circuit
112 includes a control circuit 122, a biosensor 124 cou-
pled to the controller 122, and a transmitter 128 coupled
to the control circuit 122. The controller 122 may include
circuitry for activating or controlling the biosensor 124,
for receiving signals from the biosensor 124, and/or for
processing the signals into data, for example, to be trans-
mitted by the transmitter 128. Optionally, the electrical
circuit 1.12 may include memory (not shown) for storing
the data. The transmitter 128 may be any device capable
of transmitting data from the control circuit 122 to a re-
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mote location outside the body, such as an acoustic
transmitter, a radio frequency transmitter, and the like.
Preferably, the control circuit 122 is coupled to the acous-
tic transducer 118 such that the acoustic transducer 118
may be used as a transmitter 128, as well as a receiver,
instead of providing a separate transmitter.

[0024] The biosensor 124 may include one or more
sensors capable of measuring physiological parameters,
such as pressure, temperature, electrical impedance, po-
sition, strain, pH, fluid flow, electrochemical sensor, and
the like. Thus, the biosensor 124 may generate a signal
proportional to a physiological parameter that may be
processed and/or relayed by the control circuit 122 to the
transmitter 128, which, in turn, may generate a transmis-
sionsignal to be received by a device outside the patient’s
body. Data regarding the physiological parameter(s) may
be transmitted continuously or periodically until the
acoustic switch 116 is deactivated, or for a fixed prede-
termined time, as will be appreciated by those skilled in
the art.

[0025] Turning to FIG. 1B, a second preferred embod-
iment of an implant 210 is shown in which the electrical
circuit 212 includes a control circuit 222 and an actuator
226. The actuator 226 may be coupled to a therapeutic
device (not shown) provided in or otherwise coupled to
the implant 210, such as a light source, a nerve stimula-
tor, a defibrillator, an electrochemical oxidation/reduction
electrode, or a valve communicating with an implanted
drug reservoir (in the implant or otherwise implanted with-
in the body in association with the implant).

[0026] When the switch 120 is closed, the control cir-
cuit 222 may activate the actuator 226 using a pre-pro-
grammed protocol, e.g., to complete a predetermined
therapeutic procedure, whereupon the switch 120 may
automatically open, or the controller 222 may follow a
continuous or looped protocol until the switch 120 is de-
activated. Alternatively, the acoustic transducer 118 may
be coupled to the control circuit 222 for communicating
a new or unique set of commands to the control circuit
222. For example, a particular course of treatment for a
patient having the implant 210 maybe determined, such
as a flow rate and duration of drug delivery, drug activa-
tion, drug production, or an energy level and duration of
electrical stimulation. Acoustic signals including com-
mands specifying this course of treatment may be trans-
mitted from an external controller (not shown), as de-
scribed below, to the acoustic switch 116, e.g., along with
or subsequent to the activation signal 100. The control
circuit 222 may interpret these commands and control
the actuator 226 accordingly to complete the course of
treatment.

[0027] Turning to FIG. 1C, yet another preferred em-
bodiment of an implant 310 is shown in which the elec-
trical circuit 312 includes a control circuit 322, a biosensor
324, and an actuator 326, all of which may be coupled
to one another. This embodiment may operate similarly
to the embodiments described above, e.g., to obtain data
regarding one or more physiological parameters and/or
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to control a therapeutic device. In addition, once activat-
ed, the control circuit 322 may control the actuator 326
in response to data obtained from the biosensor 324 to
control or adjust automatically a course of treatment be-
ing provided by a device connected to the actuator 326.
For example, the actuator 326 may be coupled to an in-
sulin pump (not shown), and the biosensor 324 may
measure glucose levels within the patient’s body. The
control circuit 322 may control the actuator to open or
close a valve on the insulin pump to adjust a rate of insulin
delivery based upon glucose levels measured by the bi-
osensor 324 in order to maintain the patient’s glucose
within a desired range.

[0028] Turning to FIG. 2, a preferred embodiment of a
switch 400 is shown that may be incorporated into an
implant in accordance with the present invention. The
switch 400 includes a piezoelectric transducer, or other
acoustic transducer (not shown, but generally connected
to the switch 400 at locations piezo + and piezo -), a
plurality of MOSFET transistors (Q1-Q4) and resistors
(R1-R4), and switch S1. A "load" may be coupled to the
switch 400, such as one of the electrical circuits described
above. In the switch’s "sleep" mode, all of the MOSFET
transistors (Q1-Q4) are in an off state. To maintain the
off state, the gates of the transistors are biased by pull-
up and pull-down resistors. The gates of N-channel tran-
sistors (Q1, Q3 & Q4) are biased to ground and the gate
ofP-channel transistor Q2 is biased to +3V. During this
quiescent stage, switch S1 is closed and no current flows
through the circuit. Therefore, although an energy stor-
age device (notshown, but coupled between the hot post,
labeled with an exemplary voltage of +3V, and ground)
is connected to the switch 400, no current is being drawn
therefrom since all of the transistors are quiescent.
[0029] Whenthe acoustictransducer of the implant de-
tects an external acoustic signal, e.g., having a particular
frequency, such as the transducer’s resonant frequency,
the voltage on the transistor Q1 will exceed the transistor
threshold voltage of about one half of a volt. Transistor
Q1 is thereby switched on and current flows through tran-
sistor Q1 and pull-up resistor R2. As aresult of the current
flow through transistor Q1, the voltage on the drain of
transistor Q1 and the gate of transistor Q2 drops from
+3V substantially to zero (ground). This drop in voltage
switches on the P-channel transistor Q2, which begins
to conduct current through transistor Q2 and pull-down
resistor R3.

[0030] As a result of the current flowing through tran-
sistor Q2, the voltage on the drain of transistor Q2 and
the gates of transistors Q3 and Q4 increases from sub-
stantially zero to +3V. The increase in voltage switches
on transistors Q3 and Q4. As a result, transistor Q3 be-
gins to conduct current through resistor R4 and main
switching transistor Q4 begins to conduct current through
the "load," thereby switching on the electrical circuit.
[0031] As a result of the current flowing through tran-
sistor Q3, the gate of transistor Q2 is connected to ground
through transistor Q3, irrespective of whether or not tran-
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sistor Q1 is conducting. At this stage, the transistors (Q2,
Q3 & Q4) are latched to the conducting state, even if the
piezoelectric voltage on transistor Q1 is subsequently
reduced to zero and transistor Q1 ceases to conduct.
Thus, main switching transistor Q4 will remain on until
switch S1 is opened.

[0032] In order to deactivate or open the switch 400,
switch S1 must be opened, for example, while there is
no acoustic excitation of the piezoelectric transducer. If
this occurs, the gate of transistor Q2 increases to +3V
due to pull-up resistor R2. Transistor Q2 then switches
off, thereby, in turn, switching off transistors Q3 and Q4.
At this stage, the switch 400 returns to its sleep mode,
even if switch S1 is again closed. The switch 400 will only
return to its active mode upon receiving a new acoustic
activation signal from the piezoelectric transducer.
[0033] It should be apparent to one of ordinary skill in
the art that the above-mentioned electrical circuit is not
the only possible implementation of a switch for use with
the present invention. For example, the switching oper-
ation my be performed using a CMOS circuit, which may
draw less current when switched on, an electromechan-
ical switch, and the like.

[0034] TurningtoFIGS.3and4,asystem410isshown
for communicating with an implant 412, such as one of
those described above. Generally, the system 410 in-
cludes an external communications device or controller
414, and may include a charger 416, one or more im-
plants 412 (only one shown for simplicity), and an exter-
nal recorder, computer, or other electronic device 434.
[0035] With particular reference to FIG. 4, the external
controller 414 may include a processor or other electrical
circuit 418 for controlling its operation, and an energy
source 420, e.g., a nonrechargeable or a rechargeable
battery, coupled to the processor 418 and/or other com-
ponents of the controller 414, such as a power amplifier
or an oscillator (not shown). In addition, the controller
414 may include one or more acoustic transducers 422
that are configured for converting between electrical en-
ergy and acoustic energy, similar to those described
above. As shown, a single acoustic transducer 422 is
provided that may communicate using acoustic teleme-
try, i.e., capable both of converting electrical energy to
acoustic energy to transmit acoustic signals, and con-
verting acoustic energy to electrical energy to receive
acoustic signals, as explained further below. Alternative-
ly, separate and/or multiple acoustic transducers may be
provided for transmitting and receiving acoustic signals.
[0036] In a preferred embodiment, the controller 414
also includes memory 424 coupled to the processor 418,
e.g., for storing data provided to the controller 414, as
explained further below. The memory 424 may be a tem-
porary buffer that holds data before transfer to another
device, or non-volatile memory capable of storing the da-
ta substantially indefinitely, e.g., until extracted by the
processor 418 or other electronic device. For example,
the memory 424 may be a memory card or an eprom (not
shown) built into the controller 414 or otherwise coupled
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tothe processor418. The controller 414 may also include
an interface 426, such as a lead or connector, or a trans-
mitter and/or receiver, that may communicate with the
external electronic device, as explained further below.
[0037] Preferably, the controller 414 is carried by a
patch 415 that may be secured to a patient, e.g., to the
patient’s skin 92. For example, the patch 415 may include
one or more layers of substantially flexible material to
which the controller 414 and/or its individual components
are attached. The patch 415 may include a single flexible
membrane (not shown) to which the controller 414 is
bonded or otherwise attached, e.g., using a substantially
permanent adhesive, which may facilitate the patch 415
conforming to a patient’s anatomy. Alternatively, the con-
troller 414 may be secured between layers of material,
e.g., within a pouch or other compartment (not shown)
within the patch 415. For example, the patch 415 may
include a pair of membranes (not shown) defining the
pouch or compartment. The space within which the con-
troller 414 is disposed may be filled with material to
acoustically couple the acoustic transducer(s) (formed,
for example, from PZT, composite PZT, Quartz, PVDF,
and/or other piezoelectric material of the controller 414
to an outer surface of the patch 415. Alternatively, the
acoustictransducer(s) may be exposed, e.g., in awindow
formed in a wall of the patch 415.

[0038] The patch 415 may be formed from a flexible
piezoelectric material, such as PVDF or a PVDF copol-
ymer. Such polymers may allow the patch 415 to produce
ultrasonic waves, as well as allowing the controller 414
to be secured to the patient’s skin 92. Thus, the wall of
the patch 415 itself may provide an acoustic transducer
forthe controller414,i.e., for transmitting acoustic energy
to and/or receiving acoustic energy from the implant412.
[0039] The patch 415 may then be secured to the pa-
tient’s skin 92 using a material, such as a layer of adhe-
sive (not shown), substantially permanently affixed or
otherwise provided on a surface of the patch. The adhe-
sive may be hydrogel, silicon, polyurethane, polyethyl-
ene, polypropylene, fluorocarbon polymer, and the like.
Alternatively, a separate adhesive may be applied to the
patch 415 and/or to the patient’s skin 92 before applying
the patch 415 in order to secure the controller 414 to the
patient’s skin 92. Such an adhesive may enhance acous-
tically coupling of the acoustic transducer(s) of the con-
troller 414 to the patient’s skin 92, and consequently to
the implant 412 within the patient’s body 94. Optionally,
additional wetting material, including water, silicone oil,
silicone gel, hydrogel, and the like, and/or other acous-
tically conductive material may be provided between the
patch 415 or the acoustic transducer 422, and the pa-
tient’s skin 92, e.g., to provide substantial continuity and
minimize reflection or other losses and/or to secure the
patch 415 to the patient.

[0040] Alternatively, the controller 414 may be carried
by a belt (not shown) that may be secured around the
patient, e.g., such that the acoustic transducer 422 is
secured against the patient’s skin. The belt may carry



11 EP 2 228 095 A2 12

other components of the system 410, e.g., an external
power supply for the controller 414. For example, a bat-
tery pack (not shown) may be carried by the belt that may
be coupled to the controller 414 for providing electrical
energy for its operation.

[0041] The patch 415 may be relatively light and com-
pact, for example, having a maximum surface dimension
(e.g., width or height) not more than about ten to two
hundred millimeters (10-200 mm), a thickness not more
than about five to one hundred millimeters (5-100 mm),
and a weight not more than about twenty to four hundred
grams (20-400 g), such that the controller 414 may be
inconspicuously attached to the patient. Thus, the patient
may be able to resume normal physical activity, without
substantial impairment from the controller. Yet, the inter-
nal energy source of the controller 414 may be sufficiently
large to communicate with the implant 412 for an extend-
ed period of time, e.g., for hours or days, without requiring
recharging or continuous coupling to a separate energy
source.

[0042] The system 410 may be used to control, ener-
gize, and/or otherwise communicate with the implant
412. For example, the controller 414 may be used to ac-
tivate the implant 412. One or more external acoustic
energy waves or signals 430 may be transmitted from
the controller 414 into the patient’s body 94, e.g., gener-
ally towards the location of the implant 412 until the signal
is received by the acoustic transducer (not shown in
FIGS. 3 and 4) of the implant 412. Upon excitation by the
acoustic wave(s) 43Q, the acoustic transducer produces
an electrical output that is used to close, open, or other-
wise activate the switch (also not shown in FIGS. 3 and
4) of the implant 412. Preferably, in order to achieve re-
liable switching, the acoustic transducer of the implant
412is configured to generate a voltage of at least several
tenths of a volt upon excitation that may be used as an
activation signal to close the switch, as described above.
[0043] As a safety measure against false positives
(e.g., erroneous activation or deactivation), the controller
414 may be configured to direct its acoustic transducer
422 to transmit an initiation signal followed by a confir-
mation signal. When the acoustic transducer of the im-
plant412receives these signals, the electrical circuit may
monitor the signals for a proper sequence of signals,
thereby ensuring that the acoustic switch of the implant
412 only closes upon receiving the proper initiation and
confirmation signals. For example, the acoustic switch
may only acknowledge an activation signal that includes
a first pulse followed by a second pulse separated by a
predetermined delay. Use of a confirmation signal may
be particularly important for certain applications, for ex-
ample, to prevent unintentional release of drugs by a drug
delivery implant.

[0044] In addition to an activation signal, the controller
414 may transmit a second acoustic signal that may be
the same as or different than the acoustic wave(s) used
to activate the acoustic switch of the implant 412. Thus,
the switch may be opened when the acoustic transducer
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of the implant 412 receives this second acoustic signal,
e.g., by the acoustic transducer generating a termination
signal in response to the second acoustic signal, in order
to return the implant 412 to its sleep mode.

[0045] For example, once activated, the switch may
remain closed indefinitely, e.g., until the energy storage
device (not shown in FIGS. 3 and 4) of the implant 412
is completely depleted, falls below a predetermined
threshold, or until a termination signal is received by the
acoustic transducer of the implant 412 from the controller
414. Alternatively, the acoustic switch of the implant 412
may include a timer (not shown), such that the switch
remains closed only for a predetermined time, whereup-
on the switch may automatically open, returning the im-
plant 412 to its sleep mode.

[0046] FIG. 5 shows an alternative embodiment of an
implant 510 that does not include an acoustic switch.
Generally, theimplantincludes asensor512, one ormore
energy transducers 514, one or more energy storage de-
vices 516, and a control circuit 518, similar to the em-
bodiments described above. The sensor 512 is prefera-
bly a pressure sensor for measuring intra-body pressure,
such as an absolute variable capacitance type pressure
sensor. In alternative embodiments, one or more other
sensors may be provided instead of or in addition to a
pressure sensor 512. For example, the sensor 512 may
include one or more biosensors capable of measuring
physiological parameters, such as temperature, electri-
cal impedance, position, strain, pH, fluid flow, and the
like. An external controller (not shown), such as that de-
scribed above, may also be used to communicate with
this implant.

[0047] Returning to FIG. 3, an external controller 414
in accordance with the present invention preferably has
only sufficient power to control its own operation and to
communicate with the implant 412. Because of its limited
energy requirements, the controller 414 may be relatively
small and portable, e.g., may be attached to the patient,
while still allowing the patient to engage in normal phys-
ical activity. The controller 414 may be used to commu-
nicate with the implant 412, e.g., periodically activating
or deactivating the implant 412, and/or recording data
generated and transmitted by the implant 412. Because
it is located outside the patient’s body, the controller 414
maybe more easily programmed or reprogrammed than
the implant 412 itself, and/or may be repaired or replaced
if necessary or desired.

[0048] In addition to the external controller 414, the
system 410 may include one or more electronic devices
434 that may be coupled to the controller 414 via the
interface 426, such as a recorder, a computer, a personal
digital assistant, and/or a wireless device, such as a cel-
lulartelephone. The electronic device 434 may be directly
coupled to the controller 414, by a connector or lead (not
shown) extending from the patch 415 within which the
controller 414 is provided. Alternatively, the controller
414 and/or patch 415 may include a wireless transmitter
and/or receiver (not shown), e.g., a short-range RF trans-
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ceiver, for communicating with the electronic device 434.
[0049] The electronic device 434 may be used to ex-
tract data from the memory 424 of the controller 414,
e.g., sensor data and the like, received from the implant
412. This data may be included in a patient database
maintained by health care professionals monitoring the
patient receiving the implant 412. In addition, the elec-
tronic device 434 may be used to program the controller
414, e.g., to program commands, timing sequences, and
the like.

[0050] The system 410 may also include an external
charger 418. For example, the implant 412 may include
arechargeable energy storage device (not shown in FIG.
3), preferably one or more capacitors, that are coupled
to the acoustic transducer (also not shown in FIG. 3).
The charger 416 may include a probe 428, including an
acoustic transducer 430 for contacting a patient’s skin
92. The charger 416 also includes a source of electrical
energy 432, such as a radio frequency (RF) generator,
thatis coupled to the acoustic transducer 430. The charg-
er 418 may also include electrical circuits for controlling
its operation and buttons or other controls (not shown)
for activating and/or deactivating the acoustic transducer
430.

[0051] The charger 418 may be used to charge or re-
charge the implant, e.g., periodically or before each ac-
tivation. Because the charger 418 includes a substantial-
ly more powerful energy source than the controller 414,
the charger418is generally arelatively bulky device com-
pared to the controller 414, in particular due to the energy
generator, which may be stationary or of limited mobility.
In addition, the charger 418 may be used to recharge the
controller 414 periodically, e.g., by a direct or wireless
coupling. Alternatively, the controller 414 and patch 415
may be disposable, e.g., after its energy has been de-
pleted, and replaced with another.

[0052] For purposes of comparison, an exemplary
charger 416 may need to generate about ten kiloPascals
(10 kPa) of acoustic energy for about twenty seconds (20
sec.) in order to fully charge the implant 412. In contrast,
an exemplary controller 414 may be limited to outputting
relatively smaller bursts of acoustic energy for commu-
nicating with, but not charging, the implant 412. Such
acoustic signals may have a duration of as little as about
one millisecond (1 ms), as opposed to the significantly
longer charging signals generated by the charger 416.
[0053] The transducer 422 of the controller 414 may
consume about one Watt (1 W) of power to produce a 1
kPa acoustic signal for about one millisecond. If the con-
troll er 414 communicates with the implant 412 on an
hourly basis, the energy source 420 of the controller 418
may only need sufficient capacity to provide 0.024 Watt
seconds per day (0.024 W.sec./day). Because of this low
energy requirement, the energy source 420, and, conse-
quently, the controller 418, may be relatively compact
and portable, as compared to the charger 416. Thus, the
energy source 420 may be self-contained within the con-
troller 418, i.e., carried by the patch 415. Alternatively, a
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portable energy source, e.g., an external battery pack
(not shown) may be provided for supplying electrical en-
ergy to the controller 418 that may be carried by the pa-
tient, e.g., on a belt (not shown).

[0054] Inanalternative embodiment, the controller and
charger may be provided as a single device (not shown),
e.g., including one or more acoustic transducers and/or
one or more processors for performing the functions of
both devices, as described above. In this embodiment,
the implant 412 may operate in a "half duplex" mode, a
quasi-continuous mode, or in a "full-duplex" mode, as
described in the applications incorporated above.
[0055] Itwillbe appreciated thatthe above descriptions
are intended only to serve as examples, and that many
other embodiments are possible within the spirit and the
scope of the present invention.

[0056] Aspects of the invention, inter alia, are:

1. A system for activating an implant within a body,
comprising:

an external controller for contacting an exterior
surface of a patient’s body, the controller com-
prising a first acoustic transducer for transmit-
ting a first acoustic signal into the patient’s body,
and an energy source for powering the first
acoustic transducer; and

an implant for placement within the patient’s
body, the implant comprising an electrical circuit
configured for performing one or more com-
mands when the implant is activated, an energy
storage device, a switch coupled to the electrical
circuitand the energy storage device, and a sec-
ond acoustic transducer coupled to the switch,
the second acoustic transducer configured for
receiving the first acoustic signal from the first
acoustic transducer, the switch being closed in
response to the first acoustic signal to allow cur-
rent flow from the energy storage device to the
electrical circuit.

2. The system of aspect 1, wherein the first acoustic
transducer is configured for transmitting first and
second acoustic signals separated by a predeter-
mined delay, and wherein the switch is configured
to close only when the second acoustic transducer
receives the first and second acoustic signals sep-
arated by the predetermined delay.

3. The system of aspect 1, wherein the controller
comprises a processor for controlling the first acous-
tictransducer to transmit one of a first acoustic signal
and asecond acoustic signal, and wherein the switch
is closed when the first acoustic signal is received
by the second acoustic transducer, and the switch
being opened when the second acoustic signal is
received by the second acoustic transducer for dis-
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continuing current flow from the energy storage de-
vice to the electrical circuit.

4. The system of aspect 1, wherein the implant fur-
ther comprises a sensor coupled to the electrical cir-
cuit, and wherein the one or more commands com-
prises measuring a physiological parameter within
the body using the sensor.

5. The system of aspect 4, wherein the second
acoustic transmitter is configured for transmitting a
second acoustic signal comprising sensor data in-
dicative of the physiological parameter to the con-
troller, and the first acoustic transducer is configured
for receiving the second acoustic signal from the im-
plant.

6. The system of aspect 5, wherein the controller
further comprises memory for storing the sensor da-
ta.

7. The system of aspect 5, wherein the controller
comprises a processor for extracting the sensor data
from the second acoustic signal.

8. The system of aspect 5, wherein the controller
comprises an interface for transferring the sensor
data to an external electronic device separate from
the controller.

9. The system of aspect 1, further comprising a ther-
apeutic device coupled to the electrical circuit, the
electrical circuit being configured for controlling the
therapeutic device in response to the physiological
parameter measured by the sensor.

10. The system of aspect 1, wherein the energy stor-
age device comprises a rechargeable device, and
wherein the system further comprises an external
charger configured for placement against an exterior
surface of the patient’s body, the charger comprising
a source of electrical energy, and a third acoustic
transducer for converting electrical energy from the
source of electrical energy into acoustic energy and
transmitting a second acoustic signal comprising the
acoustic energy into the patient’s body.

11. The system of aspect 10, wherein the second
acoustic transducer is configured for converting the
second acoustic signal into electrical energy for re-
charging the energy storage device.

12. The system of aspect 1, further comprising an
adhesive for securing the controller to an exterior
surface of a patient’s body.

13. The system of aspect 1, wherein the controller
is carried by a patch attachable to the patient’s skin.
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14. The system of aspect 1, wherein the implant fur-
ther comprises an actuator coupled to the electrical
circuit,and wherein the one ormore commands com-
prises activating the actuator to control a therapeutic
device coupled to the actuator.

15. An apparatus for communicating with an implant
located within a patient’s body, the implant including
one or more acoustic transducers configured for
communicating using acoustic telemetry, compris-

ing:

one or more acoustic transducers for converting
between electrical energy and acoustic energy;
a controller coupled to the one or more acoustic
transducers such that the one or more acoustic
transducers are configured for at least one of
transmitting acoustic signals to and receiving
acoustic signals from within the patient’s body
to communicate with the implant;

an energy storage device for providing electrical
energy to at least one of the controller and the
one or more acoustic transducers; and

means for securing the one or more acoustic
transducers to an exterior surface of a patient’s
body.

16. The apparatus of aspect 15, wherein at least one
of the acoustic transducers is configured for receiv-
ing acoustic signals from the implant within the pa-
tient’s body.

17. The apparatus of aspect 16, wherein the one or
more acoustic transducers comprise a single acous-
tic transducer configured for transmitting acoustic
signals to and receiving acoustic signals from the
implant.

18. The apparatus of aspect 16, wherein the control-
ler comprises a processor for extracting data from
acoustic signals received from the implant, and
memory for storing the extracted data.

19. The apparatus of aspect 16, wherein the control-
ler comprises an interface for transferring the extract-
ed data to an external electronic device.

20. The apparatus of aspect 19, wherein the inter-
face comprises at least one of a connector, a lead,
and a wireless transmitter.

21. The apparatus of aspect 16, wherein the means
for securing comprises a flexible membrane carrying
the one or more transducers, the controller, and the
energy storage device.

22. The apparatus of aspect 21, wherein the flexible
membrane comprises a patch attachable to a pa-
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tient’s skin.

23. The apparatus of aspect 21, wherein the flexible
membrane comprises a layer of adhesive thereon
for securing the flexible membrane to a patient’s skin.

24. The apparatus of aspect 16, wherein the means
for securing comprises an adhesive.

25. The apparatus of aspect 24, wherein the adhe-
sive comprises at least one of hydrogel, silicon, poly-
urethane, polyethylene, polypropylene, and fluoro-
carbon polymer.

26. The apparatus of aspect 16, further comprising
an external charger configured for placement
against an exterior surface of the patient’s body, the
charger comprising a source of electrical energy, and
an acoustic transducer for converting electrical en-
ergy from the source of electrical energy into acous-
tic energy and transmitting the acoustic energy into
the patient’s body for energizing an energy storage
device in the implant.

27. A method for communicating with an implant lo-
cated within a patient’s body, the implant comprising
an acoustic transducer configured for communicat-
ing using acoustic telemetry, the method comprising:

securing a portable communications device in
contact with an exterior surface of the patient’s
body, the communications device comprising
one or more acoustic transducers, and an ener-
gy storage device for providing electrical energy
to operate the communications device; and
communicating with the implant using the one
or more acoustic transducers.

28. The method of aspect 27, wherein the commu-
nicating step comprises transmitting one or more
acoustic signals from the communications device in-
to the patient’s body, the one or more acoustic sig-
nals comprising a command for controlling operation
of the implant.

29. The method of aspect 28, wherein the command
comprises measuring a physiological parameter
within the body.

30. The method of aspect 28, wherein the command
comprises controlling a therapeutic device coupled
to the implant.

31. The method of aspect 27, wherein the commu-
nicating step comprises receiving one or more
acoustic signals from the implant, the one or more
acoustic signals comprising data indicative of a phys-
iological parameter measured by the implant.
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32. The method of aspect 31, further comprising ex-
tracting data from the one or more acoustic signals
received from the implant.

33. The method of aspect 32, further comprising stor-
ing the extracted data in memory of the communica-
tions device.

34. The method of aspect 32, further comprising
transferring the extracted data to an electronic de-
vice external to the patient’s body.

35. The method of aspect 31, further comprising
charging the energy storage device with an energy
source located outside the patient’s body.

36. The method of aspect 34, wherein the energy
source comprises a charger that is separate from
the communications device.

37. The method of aspect 27, wherein the commu-
nications device comprises a patch carrying the one
or more acoustic transducers, and wherein the se-
curing step comprises securing the patch to the ex-
terior surface of the patient’s body.

38. The method of aspect 37, wherein the one or
more acoustic transducers are acoustically coupled
to the patient’s body when the patch is secured to
the exterior surface of the patient’s body.

Claims

A system for activating an implant within a patient’s
body, comprising:

a controller including a first acoustic transducer
for transmitting acoustic signals into the pa-
tient’s body;

an implant for placement within the patient’s
body, the implant comprising a sensor, an elec-
trical circuitincluding a control circuit configured
for performing one or more commands when the
implant is activated, an energy storage device,
and a second acoustic transducer configured for
receiving acoustic signals from the first acoustic
transducer;

the implant further including a switch coupled to
the second transducer, the control circuit and
the energy storage device, the switch actuatable
from an open position to a closed position to
allow current flow from the energy storage de-
vice to the control circuit and activate the implant
in response to an acoustic activation command
transmitted by the controller; and

wherein the controller is configured to acousti-
cally transmit at least one command to the im-
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plant following the acoustic activation com-
mand, the at least one command adapted to
prompt the sensor to measure at least one phys-
iological parameter within the body.

The system of claim 1, wherein the activation com-
mand comprises a first acoustic signal followed by
a second acoustic signal transmitted from the first
acoustic transducer.

The system of claim 2, wherein the first and second
acoustic signals transmitted from the first acoustic
transducer are separated by a predetermined delay,
and wherein the switch is configured to close only
when the second acoustic transducer receives the
first and second acoustic signals separated by the
predetermined delay.

The system of claim 2, wherein the first acoustic sig-
nal comprises an activation signal and wherein the
second acoustic signal comprises a confirmation sig-
nal.

The system of claim 1, wherein the switch is config-
ured to open in response to a deactivation command
received by the second acoustic transducer.

The system of claim 1, wherein the second acoustic
transducer is configured for transmitting an acoustic
signal comprising implant data, the implant data in-
cluding sensor data indicative of the physiological
parameter and device status to the controller, and
the first acoustic transducer is configured for receiv-
ing the acoustic signal transmitted from the implant.

The system of claim 6, wherein the controller com-
prises an interface for transferring the implant data
to an external electronic device separate from the
controller.

The system of claim 1, further comprising a thera-
peutic device coupled to the control circuit, the con-
trol circuit being configured for controlling the thera-
peutic device in response to a physiological param-
eter measured by the sensor.

The system of claim 1, wherein the energy storage
device comprises a rechargeable device, and
wherein the system further comprises an external
charger configured for placement against an exterior
surface of the patient’s body, the charger comprising
a source of electrical energy, and a third acoustic
transducer for converting electrical energy from the
source of electrical energy into acoustic energy and
transmitting a second acoustic signal comprising the
acoustic energy into the patient’s body.

10. The system of claim 1, wherein the second acoustic
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15.

20

transducer is configured for converting the second
acoustic signal into electrical energy for recharging
the energy storage device.

The system of claim 1, wherein the implant further
comprises an actuator coupled to the control circuit,
and wherein the one or more commands comprises
activating the actuator to control a therapeutic device
coupled to the actuator.

The system of claim 1, wherein the implant con-
sumes substantially no energy when the switch is
open.

A method for communicating with one or more im-
plants located within a patient’s body, at least one
implant comprising an acoustic implant transducer
configured for communicating using acoustic telem-
etry, the method comprising:

placing a portable communications device ad-
jacent to an exterior surface of the

patient’s body, the communications device com-
prising one or more acoustic transducers, and
an energy storage device for providing electrical
energy to operate the communications device;
transmitting an acoustic control signal into the
patient’s body and communicating

with the at least one implant using the one or
more acoustic transducers, the acoustic control
signal adapted to activate a switch, said switch
being coupled to the acousticimplanttransducer
and an energy storage device of the atleast one
implant, wherein the switch is configured to ac-
tuate the at least one implant between a sleep
mode, in which current is limited from flowing
from the energy storage device of the at least
one implantto the electrical circuit, and an active
mode, in which current flows from the energy
storage device of the at least one implant to the
electrical circuit; and

wherein communicating with the at least one im-
plant includes transmitting one or

more acoustic signals from the communications
device into the patient’s body, the one or more
acoustic signals including a command for con-
trolling an operation of the at least one implant.

The method of claim 13, wherein the one or more
acoustic transducers of the controller are configured
for transmitting first and second acoustic control sig-
nals separated by a predetermined delay.

The method of claim 13, wherein upon receiving an
acoustic control signal from the communications de-
vice, the acoustic implant transducer closes the
switch to allow electrical energy to flow from the en-
ergy storage device of the at least one implant to
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power the at least one implant.
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