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Description

[0001] The present invention relates to a method of
monitoring a concentration of suspended particles in a
biomedical colloid as set out in claim 1.

[0002] Further, the present invention relates to an im-
plantable cardiac therapy device as set out in claim 12.
[0003] The presentdisclosure relates to electroacous-
tic technology used in implantable devices.

[0004] In US 2003/0130570 A1, a method and device
for the continuous real-time monitoring of relative blood
volume change, based on registration of blood hemoglo-
bine concentration, during long periods of time, such as
dialysis session is disclosed. This known method is
based on an optical analysis, wherein an arterial tubing
portion of a dialysis system to withdraw blood from a pa-
tient is operably coupled to an optical sensor. Light is
passed through the arterial tubing portion of the dialysis
systemin order to determine the blood hemoglobine con-
centration.

[0005] US-A-4202339 discloses a cardiac pacemaker
which has means for conforming the stimulation frequen-
cy tothe bodily stressing conditions of the patient wearing
the pacemaker, in using a blood parameter as measuring
value for the influencing of the frequency of stimulation.
This known cardiac pacemaker comprises a measuring
probe which is implanted in the heart of the wearer of the
pacemaker for measuring the oxygen saturation of the
blood, the measuring value thereby resulting serving as
measuring parameter for the influencing of the frequency
of stimulation. The oxygen saturation of the blood is
measured by an optical setup, wherein absorption and
scattering of light in a certain wavelength range passing
through the blood is measured.

[0006] Use of electroacoustic effect occuring in colloi-
dal suspensions in order to monitor in vitro a concentra-
tion of particles such as proteins in blood is for example
disclosed by Wen and Balaban in "Ultrasonic Imaging of
the Electroacoustic Effect in Macromolecular Gels", Ul-
trasonic Imaging, 20, 288-297 (1998).

[0007] When an acoustic field is applied to a colloid
containing particles with a charge, the arrangement of
solvent molecules surrounding the solute particles (the
double-layer) is disrupted. When the acoustic field is re-
moved, the solvent molecules reassemble themselves
and give off an electric field proportional to the energy
required for the initial disruption of solvent molecule. Al-
ternatively, when a colloid is transiently exposed to a
changing electric field, the same disruption of solvent
molecules takes place and the reassembly of the double-
layer emits an acoustic field. These principles are em-
ployed in analytical chemistry to characterize the com-
position and stability of colloids.

[0008] Colloidal chemistry has historically been used
forinorganic compounds such as paint, lotions, and other
slurries. Organic compounds, however, have not been
investigated using these techniques because they were
considered too small for colloidal chemistry to be effec-
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tive.

[0009] Itis an object of the invention to provide an im-
proved method as defined in claim 1.

[0010] It is a further object of the invention to provide
an improved implantable cardiac therapy device as de-
fined in claim 12.

[0011] Proteins are relatively large particles that have
a surface charge distribution. Hence, the analytical
chemistry technique can be employed to monitor levels
of suspended substances, including proteins, in a bio-
medical colloid such as blood. Although the description
herein will typically refer to detecting levels of proteins in
blood, one skilled in the art will recognize that the present
invention may also be used to detect other substances
in organic fluids.

[0012] The present disclosure relates to a biosensor
for detecting proteins in blood. The biosensor adapts the
techniques from traditional inorganic colloidal chemistry
foruse in an organic setting. In an example, the biosensor
is used in conjunction with an implantable device, such
as a pacemaker or implantable cardioverter defibrillator.
The biosensor may be physically connected to the im-
plantable device, or it may be separated by a set of trans-
mission lines or by wireless transmission capabilities.
When implantable, the biosensor is placed near a blood
vessel or interstitial fluid, and directs an assaulting field
toward the vessel or fluid. The frequency of the assaulting
field is chosen based, on the protein of interest. The
assaulting field may be an acoustic field or an electric
field. When the assaulting field is turned off, the fluid sur-
rounding the proteins move to reassemble the double
layer. This movement emits a resultant field. If the as-
saulting field is an acoustic field, the resultant field is an
electricfield. Conversely, if the assaulting field is an elec-
tric field, the resultant field is an acoustic field.

[0013] The relative concentration of the protein of in-
terest can be determined from the magnitude of the re-
sultant field. Over time, the relative concentration can be
monitored by the implanted device or by a clinician. De-
pending on the proteins monitored, changes in protein
concentration can be indicative of overall cardiac health,
including any impending threats to cardiac health. For
example, changes in the levels of peptides, such as brain
natriuretic peptide ("BNP") and/or atrial natriuretic pep-
tide ("ANP"), may be indicative of impending heart failure
exacerbation. In another example, changes in the levels
of C-reactive protein, CK-MB, ischemia-modified albu-
min, Troponin |, Troponin T, Troponin C, and/or myoglob-
in may be indicative of myocardial ischemia and impend-
ing arrhythmia. Cardiac therapy may be administered in
response to such changes in protein concentration.
[0014] Inanother embodiment, the biosensoris a tran-
scutaneous biosensor, meaning thatit measures the con-
centration of the substance of interest in vivo by trans-
mitting an assaulting field through the skin.

[0015] Inanother embodiment, the biosensoris a stan-
dalone sensor. In this embodiment, the biosensor meas-
ures protein concentrations in external samples, such as
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a blood sample.

[0016] Further embodiments, features, and advantag-
es of the present invention, as well as the structure and
operation of the various embodiments of the present in-
vention, are described in detail below with reference to
the accompanying drawings.

[0017] The invention is set out in the claims. The ac-
companying drawings, which are incorporated herein
and form a part of the specification, illustrate the present
invention and, together with the description, further serve
to explain the principles of the invention and to enable a
person skilled in the pertinent art to make and use the
invention.

[0018] The embodiments which do not fall within the
scope of the claims are provided for illustration purpose
only and do not form part of the present invention.
[0019] FIG. 1Ais adiagram of an example implantable
cardiac therapy device ("ICTD") used in the present in-
vention.

[0020] FIG. 1B is a block diagram of the example ICTD
of FIG. 1A.
[0021] FIG.2Aisanillustration of a colloid double layer

in a steady state arrangement.

[0022] FIG. 2B is an illustration of colloid double layer
distortions caused by an assaulting field.

[0023] FIG. 3Ais ablock diagram of an example probe
used in the present invention.

[0024] FIG. 3B is an alternative view of the example
probe shown in FIG. 3A.

[0025] FIG. 4 is a diagram of example locations for an
implantable biosensor of the present invention.

[0026] FIG. 5 is a flowchart of an embodiment of the
present invention.

[0027] FIG. 6 is another flowchart of an embodiment
of the present invention.

[0028] FIG. 7 is a graph of colloidal vibration current
("CVI") resulting from various concentrations of albumin
in deionized water.

[0029] FIG. 8 is a graph of electrosonic amplitude
("ESA") resulting from various concentrations of fibrino-
gen in saline.

[0030] FIG. 9 is a graph of ESA resulting from various
concentrations of albumin in saline.

[0031] FIG. 10is agraph of ESA resulting from various
concentrations of albumin in deionized water.

[0032] FIG. 11 isagraph of ESA resulting from various
concentrations of albumin in deionized water.

[0033] The presentinvention will be described with ref-
erence to the accompanying drawings. The drawing in
which an element first appears is typically indicated by
the leftmost digit(s) in the corresponding reference
number.

[0034] The invention is set out in the claims.

[0035] Before describing the invention in detall, it is
helpful to describe an example environment in which the
invention may be implemented.
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A. Implantable Cardiac Therapy Devices

[0036] The present invention is particularly useful in
the environment of an implantable cardiac therapy de-
vice. Implantable cardiac therapy devices include, for ex-
ample, pacemakers and cardioverter defibrillators. The
term "implantable cardiac therapy device," or simply
"ICTD," is used herein to refer to any pacemaker or im-
plantable cardioverter defibrillator ("ICD"). FIGS. 1A and
1B illustrate such an environment.

[0037] As shown in FIG. 1A, an exemplary ICTD 102
is in electrical communication with a patient’s heart 104
by way of three leads, 106, 108 and 110, suitable for
delivering multi-chamber stimulation and pacing therapy.
To sense atrial cardiac signals and to provide right atrial
chamber stimulation therapy, ICTD 102 is coupled to im-
plantable right atrial lead 106 having at least an atrial tip
electrode 112, which typically is implanted in the patient’s
right atrial appendage.

[0038] To sense left atrial and ventricular cardiac sig-
nals and to provide left-chamber pacing therapy, ICTD
102 is coupled to "coronary sinus" lead 108 designed for
placement in the "coronary sinus region" via the coronary
sinus for positioning a distal electrode adjacent to the left
ventricle and/or additional electrode(s) adjacent to the
left atrium. As used herein, the phrase "coronary sinus
region" refers to the vasculature of the left ventricle, in-
cluding any portion of the coronary sinus, great cardiac
vein, leftmarginal vein, left posterior ventricular vein, mid-
dle cardiac vein, and/or small cardiac vein or any other
cardiac vein accessible by the coronary sinus.

[0039] Accordingly, exemplary coronary sinus lead
108 is designed to receive atrial and ventricular cardiac
signals and to deliver left ventricular pacing therapy using
atleastaleftventricular tip electrode 114, left atrial pacing
therapy using at least a left atrial ring electrode 116, and
shocking therapy using at least a left , atrial coil electrode
118.

[0040] ICTD 102 is also shown in electrical communi-
cation with the patient’s heart 104 by way of an implant-
able right ventricular lead 110 having a right ventricular
tip ("RV") electrode 120, a RV ring electrode 122, a RV
coil electrode 124, and a superior vena cava ("SVC") coil
electrode 126. Typically, right ventricular lead 110 is
transvenously inserted into heart 104 so as to place the
RV tip electrode 120 in the right ventricular apex so that
RV coil electrode 124 will be positioned in the right ven-
tricle and SVC caoil electrode 126 will be positioned in the
superior vena cava. Accordingly, right ventricular lead
110 is capable of receiving cardiac signals and delivering
stimulation in the form of pacing and shock therapy to
the right ventricle.

[0041] FIG. 1B shows a simplified block diagram of
ICTD 102, which is capable of treating both fast and slow
arrhythmias with stimulation therapy, including cardio-
version, defibrillation, and pacing stimulation. While a
particular multi-chamber device is shown, it is shown for
illustration purposes only, and one of skill in the art could
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readily duplicate, eliminate or disable the appropriate cir-
cuitry in any desired combination to provide a device ca-
pable of treating the appropriate chamber(s) with the de-
sired cardioversion, defibrillation and pacing stimulation.
[0042] ICTD 102 is shown schematically in FIG. 1B.
Housing 140 is often referred to as the "can," "case" or
"case electrode" and may be programmably selected to
act as the return electrode for all "unipolar" modes. Hous-
ing 140 may further be used as a return electrode alone
or in combination with one or more of coil electrodes 118,
124, and 126 for shocking purposes. Housing 140 further
includes a connector (not shown) having a plurality of
terminals, 142, 144, 146, 148, 150, 152, 154, and 156
(shown schematically and, for convenience, the names
of the electrodes to which they are connected are shown
next to the terminals). As such, to achieve right atrial
sensing and pacing, the connector includes at least a
right atrial tip terminal (Ag TIP) 142 adapted for connec-
tion to atrial tip electrode 112.

[0043] To achieve left chamber sensing, pacing and
shocking, the connectorincludes at least a left ventricular
tip terminal (V| TIP) 144, a left atrial ring terminal (A_
RING) 146, and a left atrial shocking terminal (A COIL)
148, which are adapted for connection to left ventricular
ring electrode 114, left atrial tip electrode 116, and left
atrial coil electrode 118, respectively.

[0044] To support right chamber sensing, pacing, and
shocking the connector also includes a right ventricular
tip terminal (Vg TIP) 150, a right ventricular ring terminal
(Vr RING) 152, a right ventricular shocking terminal (RV
COIL) 154, and an SVC shocking terminal (SVC COIL)
156, which are configured for connection to RV tip elec-
trode 120, RV ring electrode 122, RV coil electrode 124,
and SVC coil electrode 126, respectively.

[0045] At the core of ICTD 102 is a programmable mi-
crocontroller 160 which controls the various modes of
stimulation therapy. As is well known in the art, micro-
controller 160 typically includes a microprocessor, or
equivalent control circuitry, designed specifically for con-
trolling the delivery of stimulation therapy and can further
include RAM or ROM memory, logic and timing circuitry,
state machine circuitry, and 1/O circuitry. Typically, mi-
crocontroller 160 includes the ability to process or mon-
itor input signals (data) as controlled by a program code
stored in a designated block of memory. The details of
the design of microcontroller 160 are not critical to the
present invention. Rather, any suitable microcontroller
160 can be used to carry out the functions described
herein. The use of microprocessor-based control circuits
for performing timing and data analysis functions are well
known in the art. In a specific embodiment of the present
invention, however, microprocessor 160 has an electroa-
coustic analysis circuitry block 162 for analyzing elec-
troacoustic data.

[0046] Representative types of control circuitry that
may be used with the invention include the microproces-
sor-based control system of U.S. Patent No. 4,940,052
(Mann et al.) and the state-machines of U.S. Patent Nos.
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4,712,555 (Thomander et al.) and 4,944,298 (Sholder).
For a more detailed description of the various timing in-
tervals used within the ICTD’s and their inter-relationship,
see U.S. Patent 4,788,980 (Mann et al.et al.).

[0047] As shown in FIG. 1B, an atrial pulse generator
170 and a ventricular pulse generator 172 generate pac-
ing stimulation pulses for delivery by right atrial lead 106,
right ventricular lead 110, and/or coronary sinus lead 108
via an electrode configuration switch 174. Itis understood
that in order to provide stimulation therapy in each of the
four chambers of the heart, atrial and ventricular pulse
generators 170 and 172 may include dedicated, inde-
pendent pulse generators, multiplexed pulse generators,
or shared pulse generators. Pulse generators 170 and
172 are controlled by microcontroller 160 via appropriate
control signals 176 and 178, respectively, to trigger or
inhibit the stimulation pulses. Power for the microcontrol-
ler 160, as well as for the various pulse generators, is
supplied by a battery 164.

[0048] Microcontroller 160 further includes timing con-
trol circuitry 179 which is used to control pacing param-
eters (e.g., the timing of stimulation pulses) as well as to
keep track of the timing of refractory periods, PVARP
intervals, noise detection windows, evoked response
windows, alert intervals, marker channel timing, etc.,
which are well known in the art. Examples of pacing pa-
rameters include, but are not limited to, atrio-ventricular
(AV) delay, interventricular (RV-LV) interval, interatrial
(RA-LA) interval, and pacing rate.

[0049] Switch 174 includes a plurality of switches for
connecting the desired electrodes to the appropriate 1/0
circuits, thereby providing complete electrode program-
mability. Accordingly, switch 174, in response to a control
signal 180 from microcontroller 160, determines the po-
larity of the stimulation pulses (e.g., unipolar, bipolar,
combipolar, etc.) by selectively closing the appropriate
combination of switches (not shown) as is known in the
art.

[0050] Atrial sensing circuit 182 and ventricular sens-
ing circuit 184 may also be selectively coupled to right
atrial lead 106, coronary sinus lead 108, and right ven-
tricular lead 110 through switch 174 for detecting the
presence of cardiac activity in each of the four chambers
of the heart. Accordingly, the atrial (ATR. SENSE) and
ventricular (VTR. SENSE) sensing circuits 182 and 184
may include dedicated sense amplifiers, multiplexed am-
plifiers, or shared amplifiers. Switch 174 determines the
"sensing polarity" of the cardiac signal by selectively clos-
ing the appropriate switches, as is also known in the art.
In this way, a clinician may program the sensing polarity
independent of the stimulation polarity.

[0051] Each sensing circuit 182 and 184 preferably
employs one or more low power precision amplifiers with
programmable gain and/or automatic gain control, band-
pass filtering, and a threshold detection circuit, as known
in the art, to selectively sense the cardiac signal of inter-
est. The automatic gain control enables ICTD 102 to deal
effectively with the difficult problem of sensing the low
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amplitude signal characteristics of atrial or ventricular fi-
brillation.

[0052] The outputs of atrial and ventricular sensing cir-
cuits 182 and 184 are connected to microcontroller 160
which, in turn, is able to trigger or inhibit atrial and ven-
tricular pulse generators, 170 and 172, respectively, in a
demand fashion in response to the absence or presence
of cardiac activity, in the appropriate chambers of the
heart. Sensing circuits 182 and 184, in turn, receive con-
trol signals over signal lines 186 and 188 from microcon-
troller 160 for purposes of measuring cardiac perform-
ance at appropriate times, and for controlling the gain,
threshold, polarization charge removal circuitry (not
shown), and timing of any blocking circuitry (not shown)
coupled to the inputs of sensing circuits 182 and 186.
[0053] For arrhythmia detection, ICTD 102 utilizes the
atrial and ventricular sensing circuits 182 and 184 to
sense cardiac signals to determine whether a rhythm is
physiologic or pathologic. The timing intervals between
sensed events (e.g., P-waves, R-waves, and depolari-
zation signals associated with fibrillation which are some-
times referred to as "F-waves" or "Fib-waves") are then
classified by microcontroller 160 by comparing them to
a predefined rate zone limit (i.e., bradycardia, normal,
low rate VT, high rate VT, and fibrillation rate zones) and
various other characteristics (e.g., sudden onset, stabil-
ity, physiologic sensors, morphology, etc.) in order to de-
termine the type of remedial therapy that is needed (e.g.,
bradycardia pacing, anti-tachycardia pacing, cardiover-
sion shocks or defibrillation shocks, collectively referred
to as "tiered therapy"). According to the present inven-
tion, electroacoustic analysis provides an additional
source of information for optimization of ICTD perform-
ance for arrhythmia therapy.

[0054] Microcontroller 160 utilizes arrhythmia detec-
tion circuitry 175 and morphology detection circuitry 176,
as well as, in the present invention, electroacoustic anal-
ysis circuitry 162, to recognize and classify arrhythmias
so that appropriate therapy can be delivered.

[0055] Cardiac signals are also applied to the inputs
of an analog-to-digital (A/D) data acquisition system 190.
Data acquisition system 190 is configured to acquire in-
tracardiac electrogram signals, convert the raw analog
data into a digital signal, and store the digital signals for
later processing and/or telemetric transmission to an ex-
ternal device 130. Data acquisition system 190 is coupled
to right atrial lead 106, coronary sinus lead 108, and right
ventricularlead 110 through switch 174 to sample cardiac
signals across any pair of desired electrodes.

[0056] Data acquisition system 190 can be coupled to
microcontroller 160, or other detection circuitry, for de-
tecting an evoked response from heart 104 in response
to an applied stimulus, thereby aiding in the detection of
"capture." Capture occurs when an electrical stimulus ap-
plied to the heart is of sufficient energy to depolarize the
cardiac tissue, thereby causing the heart muscle to con-
tract. Microcontroller 160 detects a depolarization signal
during a window following a stimulation pulse, the pres-
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ence of which indicates that capture has occurred. Mi-
crocontroller 160 enables capture detection by triggering
ventricular pulse generator 172 to generate a stimulation
pulse, starting a capture detection window using timing
control circuitry 179 within microcontroller 160, and en-
abling data acquisition system 190 via control signal 192
to sample the cardiac signal that falls in the capture de-
tection window and, based on the amplitude, determines
if capture has occurred.

[0057] Theimplementation of capture detection circuit-
ry and algorithms are well known. See for example, U.S.
Patent No. 4,729,376 (Decote, Jr.); U.S. Patent No.
4,708,142 (Decote, Jr.); U.S. Patent No. 4,686,988
(Sholder); U.S. Patent No. 4,969,467 (Callaghan et al.et
al.); and U.S. Patent No. 5,350,410 (Kleks et al.). The
type of capture detection system used is not critical to
the present invention.

[0058] Microcontroller 160 is further coupled to a mem-
ory 194 by a suitable data/address bus 196, wherein the
programmable operating parameters used by microcon-
troller 160 are stored and modified, as required, in order
to customize the operation of ICTD 102 to suit the needs
of a particular patient. Such operating parameters define,
for example, pacing pulse amplitude, pulse duration,
electrode polarity, rate, sensitivity, automatic features,
arrhythmia detection criteria, and the amplitude, wave-
shape and vector of each shocking pulse to be delivered
to the patient’'s heart 104 within each respective tier of
therapy.

[0059] The operating parameters of ICTD 102 may be
non-invasively programmed into memory 194 through a
telemetry circuit 132 in telemetric communication with
external device 130, such as a programmer, transtele-
phonic transceiver, or a diagnostic system analyzer. Te-
lemetry circuit 132 is activated by microcontroller 160 by
a control signal 134. Telemetry circuit 132 allows intrac-
ardiac electrograms and status information relating to the
operation of ICTD 102 (as contained in microcontroller
160 or memory 194) to be sent to external device 130
through an established communication link 136.

[0060] Forexamples of such devices, see U.S. Patent
No. 4,809,697, entitled "Interactive Programming and Di-
agnostic System for use with Implantable Pacemaker"
(Causey, lll et al.); U.S. Patent No. 4,944,299, entitled
"High Speed Digital Telemetry System for Implantable
Device" (Silvian); and U.S. Patent No. 6,275,734, entitled
"Efficient Generation of Sensing Signals in an Implanta-
ble Medical Device such as a Pacemaker or ICD" (Mc-
Clure et al.).

[0061] Telemetry circuit 132 also allows optimization
parameters obtained externally to be sent into microcon-
troller 160. For example, in the present invention, elec-
troacoustic data may be obtained by an external or tran-
scutaneous electroacoustic device. That data may be as-
sessed by a physician during a patient visit, and on the
direction of the physician could be transmitted to micro-
controller 160 for analysis and optimization of a number
of parameters, as discussed below. Analysis may also
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be completed externally at a physician’s office, with in-
structions based on the analysis transmitted to microcon-
troller 160.

[0062] In an embodiment of the present invention,
ICTD 102 furtherincludes a biosensor 138 that can detect
electroacoustic changes indicative of cardiac perform-
ance or changes in the physiological condition of the
heart. ICTD 102 also includes electroacoustic analysis
circuitry 162. Electroacoustic analysis circuitry 162 can
be implemented in hardware, software, or firmware. Elec-
troacoustic analysis circuitry 162 may be located in mi-
crocontroller 160, as depicted, or it can be separate from
microcontroller 160. Accordingly, microcontroller 160
can respond by adjusting the various pacing parameters
(such as rate, AV Delay, RV-LV interval, etc.) in accord-
ance with the embodiments of the present invention. Mi-
crocontroller 160 controls adjustments of pacing param-
eters by, for example, controlling the stimulation pulses
generated by the atrial and ventricular pulse generators
170 and 172. While shown in FIG. 1A as being included
within ICTD 102, one skilled in the art will recognize that
biosensor 138 may also be external to ICTD 102 while
implanted within or carried by a patient and still send
information to microcontroller 160. More specifically, bi-
osensor 138 can be located inside ICTD 102, on the sur-
face of ICTD 102, in a header of ICTD 102, on a lead
(which can be placed inside or outside the bloodstream),
or otherwise separated from ICTD 102. Further details
on possible locations for biosensor 138 will be discussed
below with respect to FIG. 4.

[0063] ICTD 102 further includes a magnet detection
circuitry (not shown), coupled to microcontroller 160. It
is the purpose of the magnet detection circuitry to detect
when a magnet is placed over ICTD 102, which magnet
may be used by a clinician to perform various test func-
tions of ICTD 102 and/or to signal microcontroller 160
that the external programmer 130 is in place to receive
or transmit data to microcontroller 160 through telemetry
circuit 132.

[0064] AsfurthershowninFIG.1B,ICTD 102 includes
an impedance measuring circuit 166 which is enabled by
microcontroller 160 via a control signal 168. The known
uses for an impedance measuring circuit 166 include,
butare not limited to, lead impedance surveillance during
the acute and chronic phases for proper lead positioning
or dislodgement; detecting operable electrodes and au-
tomatically switching to an operable pair if dislodgement
occurs; measuring respiration or minute ventilation;
measuring thoracic impedance for determining shock
thresholds; detecting when the device has been implant-
ed; measuring stroke volume; and detecting the opening
of heart valves, etc. The impedance measuring circuit
166 is advantageously coupled to switch 174 so that any
desired electrode may be used. The impedance meas-
uring circuit 166 is not critical to the present invention
and is shown only for completeness.

[0065] In the case where ICTD 102 is intended to op-
erate as a cardioverter, pacer or defibrillator, it must de-
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tect the occurrence of an arrhythmia and automatically
apply an appropriate electrical therapy to the heart aimed
at terminating the detected arrhythmia. To this end, mi-
crocontroller 160 further controls a shocking circuit 161
by way of a control signal 163. The shocking circuit 161
generates shocking pulses of low (up to 0.5 Joules), mod-
erate (0.5 - 10 Joules), or high energy (11 to 40 Joules),
as controlled by microcontroller 160. Such shocking puls-
es are applied to the patient’s heart 104 through at least
two shocking electrodes (e.g., selected from left atrial
coil electrode 118, RV coil electrode 124, and SVC caoll
electrode 126). As noted above, housing 140 may act as
an active electrode in combination with RV electrode 124,
or as part of a split electrical vector using SVC coil elec-
trode 126 or left atrial coil electrode 118 (i.e., using the
RV electrode as a common electrode).

[0066] Cardioversion shocks are generally considered
to be of low to moderate energy level (so as to minimize
pain felt by the patient), and/or synchronized with an R-
wave and/or pertaining to the treatment of tachycardia.
Defibrillation shocks are generally of moderate to high
energy level (i.e., corresponding to thresholds in the
range of 5-40 Joules), delivered asynchronously (since
R-waves may be too disorganized to be recognize), and
pertaining exclusively to the treatment of fibrillation. Ac-
cordingly, microcontroller 160 is capable of controlling
the synchronous or asynchronous delivery of the shock-
ing pulses.

B. Electroacoustics

[0067] FIG. 2A illustrates how the ions in a colloid or-
ganize themselves relative to a suspended particle 200.
FIG. 2A shows particle 200 in a steady state. Particle
surface 202 is represented by the innermost ring. Be-
cause of the affinity of ions for a surface, an electric sur-
face charge builds up and creates an electrostatic field.
Alternatively, the surface charge of the particle may be
fixed. See, A.S. Dukhin & P.J. Goetz, Ultrasound for
Characterizing Colloids: Particle Sizing, Zeta Potential,
Rheology (Elsevier 2002). This electrostatic field affects
ions in the liquid surrounding particle 200. This draws
ions in the liquid toward the particle and results in what
is referred to as a "double layer". The first layer of the
double layer is particle surface 202. The second layer
208 is made up of oppositely charged ions from the sur-
rounding liquid held in close association to the ions in the
particle. The outer boundary of the double layer is the
shear plane 204.

[0068] FIG. 2B shows the effect of an acoustic or time-
varying electric assaulting field on particle 200. Before
the assaulting field is applied, at time t=0, the double
layer of particle 200 is in a steady state arrangement, or
equilibrium. In response to the assaulting field, the
charged particle and the surrounding double layer are
displaced relative to their mass/density. The difference
in density between them disrupts the double layer. A rep-
resentation of this shift is shown as disrupted particle
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206. When the assaulting field is removed, the molecules
in second layer 208 return to the steady state arrange-
ment. This movement of molecules returning to steady
state emits a resultant field which can be detected. If the
assaulting field is acoustic, the resultant field is electric.
Likewise, if the assaulting field is electric, the resultant
field is acoustic. C. Biosensor

[0069] Biosensor 138 is configured to transmit and de-
tect acoustic and/or electric energy. An ultrasound probe
used in inorganic colloidal chemistry is described in
Dukhin & Goetz, pp. 235-237. The biosensor of the
presentinvention utilizes a probe similar to that described
in Dukhin & Goetz. Although the present invention will
be described with reference to the probe discussed in
Dukhin & Goetz, it will be apparent to one skilled in the
art that other probes with different geometries and di-
mensions for detecting colloidal concentrations may be
used. Other example probes for use in the present in-
vention are the DT300, DT100, and DT1200 manufac-
tured by Dispersion Technology, Inc., of Bedford Hills,
NY, which produce an acoustic field and measure an
electric field, and the ESA9800 manufactured by Matec
Applied Sciences, of Northborough, MA, which produces
an electric field and measures an acoustic field.

[0070] FIG. 3A is a block diagram of an exemplary
probe 300. A transmitting portion of probe 300 includes
atransducer 302, connected to cable connector 304 and
input cable 306. In an embodiment, cable connector 304
is a UHF cable connector. In an embodiment, transducer
302includes a cylindrical piezoelectric device 308 having
a front electrode 310 and a back electrode 312 across
which an RF pulse can be applied to generate an acoustic
assaulting pulse. A person of ordinary skill in the art will
recognize, however, that other types of transducers may
be used, such as transducers with non-piezoelectric ma-
terials or transducers of varying sizes and shapes. Fur-
ther, although FIG. 3A is described herein with reference
to generation of an acoustic assaulting field, one skilled
in the art will recognize that a similar device may be em-
ployed to generate an electric assaulting field. Front elec-
trode 310 and back electrode 312 of piezoelectric device
308 are connected to corresponding terminals of con-
nector 304 by means of internal jumper wires 314 in a
manner well known to those skilled in the art. Piezoelec-
tric device 308 in turn is bonded to a delay rod 316 by
means of a suitable adhesive. In an embodiment, delay
rod 316 is formed out of quartz.

[0071] The resonant frequency of piezoelectric device
308 is selected depending on the frequency range for
which electroacoustic datais desired. The presentinven-
tion detects electroacoustic data for organic compounds
such as, forexample, proteins, suspendedin a liquid such
as, for example, blood. In an embodiment, in order to
provide an appropriate range for each protein of interest,
the present invention scans within a frequency range of
about 0.5 MHz to 100 MHz. In another embodiment, the
frequency range is about 0.9 MHz to 1.2 MHz

[0072] Delay rod 316 of probe 300 is extended by an
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additional buffer rod 318 having an acoustic impedance
that is closely matched to that of the colloid. Transducer
302 and buffer rod 318 are cemented together and in-
serted into a ceramic spacer 320 until buffer rod 318
aligns with a shoulder 322 on spacer 320.

[0073] In an embodiment, the end of buffer rod 318 is
coated with gold in order to provide an electrode for
measuring the electrical response of the colloid when
excited acoustically. This electrical response is also re-
ferred to herein as the resultant field. FIG. 3B provides
an end view of probe 300 showing the relative location
of gold electrode 324, spacer 320, and a casing 326.
[0074] A coaxial cable 328 detects the resultant field
once the assaulting field is turned off. In an embodiment
where the assaulting field is an acoustic field, the result-
ant field is detected as a colloid vibration current ("CVI")
signal. In another embodiment, where the assaulting field
is an electric field, the resultant field is detected as an
electrosonic amplitude ("ESA") signal. When probe 300
comes in contact with the colloid, the signal between gold
electrode 324 and the surrounding casing 326 is thus
available at the output of coaxial cable 328.

[0075] Inanembodiment, biosensor 138 is an implant-
able biosensor controlled by electroacoustic analysis cir-
cuitry 162 in ICTD 102. Biosensor 138 may be implanted
in one of several locations. In one embodiment, biosen-
sor 138 is implanted in the vicinity of a blood vessel in
the body and generates an electric or acoustic assaulting
field directed at that blood vessel. In another embodi-
ment, biosensor 138 is implanted in interstitial fluid.
[0076] FIG. 4 illustrates example locations for biosen-
sor 138 (not shown to scale) with respect to ICTD 102.
In one embodiment, biosensor 138 is connected at loca-
tion 402 to the surface of a lead of ICTD 102, such as
leads 106, 108, or 110. In another embodiment, biosen-
sor 138 is attached at location 404 to housing 140 of
ICTD 102. In yet another embodiment, biosensor 138 is
placed at location 406 in extravascular space outside a
blood vessel, and is connected to ICTD 102 through con-
necting wires or transmission lines 408. Alternatively, bi-
osensor 138 may transmit information to ICTD 102 wire-
lessly.

[0077] Biosensor 138 may also interact transcutane-
ously with substances in the body. In this embodiment,
biosensor 138 transmits an assaulting field through the
skin from an external location to disrupt a colloid in the
body. In another embodiment, biosensor 138 is a stan-
dalone sensor used to detect substances in biological
liquids. Forexample, biosensor 138 can be used to detect
protein levels in a blood sample.

[0078] FIG. 5 is a flowchart of a method 500 used in
the present invention. In step 502, an assaulting field is
produced either in vivo or transcutaneously. In one em-
bodiment, the assaulting field is an acoustic field. In an-
other embodiment, the assaulting field is an electric field.
The frequency of the assaulting field is chosen based on
the properties of the substance of interest. In one em-
bodiment, the substance of interest is the protein ANP
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and/or BNP. In another embodiment, the substance of
interest is at least one of the following: C-reactive protein,
CK-MB, Troponin |, Troponin T, Troponin C, or myoglob-
in. One or more protein concentrations may be sought
after at one time. The assaulting field may be directed at
the substance in a blood vessel, or at the substance in
interstitial fluid. As described above with respect to FIG.
2B, the assaulting field disrupts the double layer of par-
ticles in the direction of the field.

[0079] In step 504, the assaulting field is removed. At
this point, the ions reassemble the double layer and give
off an in vivo resultant field proportional to the energy
required for the initial disruption of the ions. This resultant
field is measured in step 506.

[0080] In step 508, the concentration of the substance
of interest is determined based on the resultant field
measured in step 506. In an embodiment, the measure-
ments of the resultant field are transmitted to the elec-
troacoustic analysis circuitry 162, for determination by
the ICTD 102. In another embodiment, the measure-
ments are transmitted to external device 130 to deter-
mine the concentration.

[0081] Method 500 may also be used for an external
biosensor. In this embodiment, the assaulting field is di-
rected in step 502 toward proteins in an external blood
sample. All other steps in method 500 remain the same.
[0082] Inanembodiment, method 500 is repeated con-
tinuously. In another embodiment, method 500 is repeat-
ed periodically. In yet another embodiment, the repeat
cycle of method 500 is synchronized to the cardiac cycle
to account for changes in cross-sectional area of the ves-
sel. In another embodiment, the repeat cycle of method
500 is synchronized to the respiratory cycle to account
for subtle changes in blood pH which influence the iso-
electric potential of proteins. In still another embodiment,
the repeat cycle of method 500 is synchronized to an
activity sensor to account for motion and greater change
in blood pH as O, and CO, levels shift during maximal
exercise. Method 500 may be used as a monitoring tech-
nigue by clinicians, wherein the relative levels of sub-
stances in the blood are indicative of cardiac health.
[0083] FIG. 6 is a flowchart of a method 600, wherein
an additional step is added to method 500. In step 602,
a cardiac threat is detected based on changes in the con-
centration of the substance of interest. For example, con-
centration levels of BNP and/or ANP can provide early
warning of an impending heart failure exacerbation. Al-
ternatively, concentration levels of C-reactive protein,
CK-MB, Troponin |, Troponin T, Troponin C, and/or my-
oglobin can provide early warning of an myocardial
ischemia and impending arrhythmia.

[0084] Step 602 is performed by an interpreter, such
as, for example, microcontroller 160. In an embodiment,
microcontroller 160 performs step 602 by interpreting da-
ta from biosensor 138. For example, microcontroller 160
can compare protein concentrations to one or more pre-
determined thresholds and then take action based on the
results of the comparisons. In this embodiment, if a car-
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diac threat has developed, ICTD 102 may be able to in-
itiate therapy based on the data received. In another em-
bodiment, an external device or clinician may perform
step 602. D. Experimental Results

[0085] FIG. 7 is a graph of test results obtained when
using an acoustic assaulting field from a stand-alone Dis-
persion Technologies device to detect levels of albumin
in deionized water. The assaulting field had a field
strength of 10 mW and a frequency of 3 MHz. The albumin
slowly dissolved into the deionized water as the water
was warmed. Several samples of varying concentrations
were taken. These concentrations are shown on horizon-
tal axis 702. A uniform acoustic field was applied to all
samples. The magnitude of the electric resultant field de-
tected (i.e., colloidal vibration current or CVI) is shown
on vertical axis 704. As shown by the various data points,
the detected CVI changed as the colloidal composition
changed.

[0086] Each of FIGS. 8 - 11 displays results from tests
in which the assaulting field was a time-varying electric
field created by a stand-alone Matec Applied Sciences
device. The sinusoidal electric field had a field strength
of approximately 66 V/mm and a frequency of approxi-
mately 1 MHz. The process of testing samples was anal-
ogous to the process described with respect to FIG. 7.
In each figure, the varying concentrations of the colloid
are displayed on the horizontal axis, with the magnitude
of the corresponding acoustic resultant field (e.g., ESA)
on the vertical axis. The assaulting field was constant for
testing all samples of each colloid. FIG. 8 displays ESA
magnitude resulting from various concentrations of Fi-
brinogen in saline. FIG. 9 displays ESA magnitude re-
sulting from various concentrations of albumin in saline.
FIGS. 10 and 11 display ESA magnitude resulting from
two separate tests of various concentrations of albumin
in deionized water. The results of the tests in FIG. 10 and
FIG. 11 are very similar, which shows the accuracy of
the method. As shown in FIGS. 8 - 11, the magnitude of
the resultant field varies nearly linearly with concentra-
tion.

[0087] While various embodiments of the present in-
vention have been described above, it should be under-
stood that they have been presented by way of example
only, and not limitation. It will be apparent to persons
skilled in the relevant art that various changes in form
and detail can be made therein without departing from
the spirit and scope of the invention. The scope of the
presentinvention is defined only by the appended claims.

[0088] The disclosure of the invention can be summa-
rized as follows:
[0089] The ability to continuously monitor concentra-

tions of any of a plurality of blood-borne substances, such
as proteins, improves patient monitoring and overall care
through early detection of cardiac threats. Electroacous-
tic technology used in analytical chemistry to determine
amounts of particles suspended in a colloidal composi-
tion can be employed in an implantable sensor to monitor
levels of many different substances in the blood. A sensor
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system is implanted in or near a blood vessel in the body
and generates an electric or acoustic field directed at that
blood vessel. A receiver near the generator detects en-
ergy emitted once the assaulting field is turned off.
Changes in the relative amounts of the substance being
monitored appear as changes in the amount of energy
emitted once the assaulting field is removed. The sensor
may be implemented in an implantable cardiac therapy
device. Anon-implantable or transcutaneous sensor may
also be used to monitor cardiac health.

Claims

1. A method (500, 600) of monitoring a concentration
of suspended particles in a biomedical colloid com-
prising:

producing (502) an assaulting field; removing
said assaulting field;

measuring (506) a resultant field produced by
particle interaction with the assaulting field,
wherein said assaulting field is an acoustic field
and said resultant field is an electric field or said
assaulting field is an electric field and said re-
sultant field is an acoustic field;

determining (508) the concentration of the sus-
pended particles based on the measured result-
ant field,

characterized in that said resultant field is pro-
duced in vivo by particle interaction with the as-
saulting field.

2. The method of claim 1, wherein said biomedical col-
loid is blood.

3. The method of claim 1, wherein said biomedical col-
loid is interstitial fluid.

4. The method of any of claims 1 to 3, wherein said
suspended particles are proteins.

5. The method of claim 4, further comprising:

d. assessing (602) a cardiac threat based on the
concentration of the suspended proteins.

6. The method of claim 4 or 5, wherein said suspended
proteins include at least one of the group consisting
of BNP and ANP.

7. The method of claim 5, wherein said cardiac threat
is heart failure exacerbation.

8. The method of any of claims 4, 5 or 7, wherein said
suspended proteins comprise at least one protein
selected from the group consisting of C-reactive pro-
tein, CK-MB, ischemia-modified albumin, Troponin
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I, Troponin T, Troponin C, and myoglobin.

9. The method of any of claims 5 or 7, wherein said
cardiac threat is at least one of myocardial ischemia
and myocardial damage.

10. The method of any of claims 5 to 9, further compris-
ing:

e. performing cardiac therapy based on the car-
diac threat determined in step (d).

11. The method of any of claims 1 to 10, wherein a fre-
quency of said acoustic field is determined based on
properties of the suspended particles.

12. An implantable cardiac therapy device including a
biosensor (138) for monitoring a concentration of
suspended particles in a biomedical colloid, said bi-
osensor (138) comprising:

a generator configured to produce an assaulting
field;

a transmitter configured to transmit the assault-
ing field; and

a receiver configured to detect a resultant field
produced by particle interaction with the assault-
ing field when said assaulting field is removed,
wherein said assaulting field is acoustic and said
resultant field is electric, or said assaulting field
is electric and said resultant field is acoustic,
said resultant field being indicative of the con-
centration of suspended particles, character-
ized in that said resultant field is produced in
vivo by particle interaction with the assaulting
field.

13. The implantable cardiac therapy device of claim 12,
wherein said suspended particles are proteins, and
wherein said biomedical colloid is blood.

14. The implantable cardiac therapy device of claim 12,
wherein said biomedical colloid is interstitial fluid.

15. The implantable cardiac therapy device of any of
claims 12 or 13, wherein said biosensor is implant-
able and is located in close proximity to a blood ves-
sel.

16. The implantable cardiac therapy device of any of
claims 12, 13 or 15, further comprising:

a processor configured to calculate a concen-
tration of proteins in the biomedical colloid.

17. The implantable cardiac therapy device of any of
claims 12, 13, 15 or 16, further comprising:



17

an interpreter configured to detect a cardiac
threat based on the concentration of proteins.

18. The implantable cardiac therapy device of claim 16

or 17, further comprising:

means for adjusting a pacing parameter based
on said calculated concentration of proteins in
the biomedical colloid.

Patentanspriiche

Verfahren (500, 600) zum Uberwachen einer Kon-
zentration von suspendierten Teilchen in einem bio-
medizinischen Kolloid, mit:

Erzeugen (502) eines Anregungsfeldes; Entfer-
nen des Anregungsfeldes;

Messen (506) eines resultierenden Feldes, das
durch Teilchenwechselwirkung mit dem Anre-
gungsfeld erzeugt wurde, wobei das Anre-
gungsfeld ein akustisches Feld und das resul-
tierende Feld ein elektrisches Feld ist, oder wo-
bei das Anregungsfeld ein elektrisches Feld und
das resultierende Feld ein akustisches Feld ist;
Bestimmen (508) der Konzentration der suspen-
dierten Teilchen auf der Basis des gemessenen
resultierenden Feldes,

dadurch gekennzeichnet, dass das resultierende
Feld in vivo durch Teilchenwechselwirkung mit dem
Anregungsfeld erzeugt wird.

Verfahren nach Anspruch 1, wobei das biomedizini-
sche Kolloid Blut ist.

Verfahren nach Anspruch 1, wobei das biomedizi-
sche Kolloid ein interstitielles Fluid ist.

Verfahren nach einem der Anspriiche 1 bis 3, wobei
die suspendierten Teilchen Proteine sind.

Verfahren nach Anspruch 4, weiterhin mit:

d. Bewerten (602) einer Gefahr fir das Herz auf
der Basis der Konzentration an suspendierten
Proteinen.

Verfahren nach Anspruch 4 oder 5, wobei die sus-
pendierten Proteine zumindest eines aus der Grup-
pe umfasst, die aus BNP und ANP besteht.

Verfahren nach Anspruch 5, wobei die Gefahr fur
das Herz eine Exazerbation einer Herzinsuffizienz

ist.

Verfahren nach einem der Anspriiche 4, 5 oder 7,
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wobei die suspendierten Proteine zumindest ein
Protein aufweisen, das ausgewahltist aus der Grup-
pe, die aus C-reaktivem Protein, CK-MB, Ischamie-
modifiziertem Albumin, Troponin |, Troponin T, Tro-
ponin C und Myoglobin besteht.

Verfahren nach einem der Anspriiche 5 oder 7, wo-
bei die Gefahr fiir das Herz Myocard-Ischamie und/
oder Myocard-Beschadigung ist.

Verfahren nach einem der Anspruche 5 bis 9, wei-
terhin mit:

e. Durchflihren einer Therapie am Herzen auf
der Basis der in Schritt (d) bestimmten Gefahr
fur das Herz.

Verfahren nach einemder Anspriiche 1 bis 10, wobei
eine Frequenz des akustischen Feldes auf der Basis
von Eigenschaften der suspendierten Teilchen be-
stimmt wird.

Implantierbare Herz-Therapie-Vorrichtung, mit ei-
nem Biosensor (138) zum Uberwachen einer Kon-
zentration von suspendierten Teilchen in einem bio-
medizinischen Kolloid, wobei der Biosensor (138)
aufweist:

einen Generator, der dazu ausgelegt ist, ein An-
regungsfeld zu erzeugen,;

einen Sender, der dazu ausgelegt ist, das An-
regungsfeld zu senden; und

einen Empfanger, der dazu ausgelegt ist, ein
resultierendes Feld zu detektieren, das durch
Teilchenwechselwirkung mit dem Anregungs-
feld erzeugt wurde, wobei das Anregungsfeld
entfernt wird, wobei das Anregungsfeld aku-
stisch und das resultierende Feld elektrisch ist,
oder wobei das Anregungsfeld elektrisch und
das resultierende Feld akustisch ist, wobei das
resultierende Feld ein Indikator fur die Konzen-
tration von suspendierten Teilchen ist, dadurch
gekennzeichnet, dass das resultierende Feld
in vivo durch Teilchenwechselwirkung mit dem
Anregungsfeld erzeugt wird.

Implantierbare Herz-Therapie-Vorrichtung nach An-
spruch 12, wobei die suspendierten Teilchen Protei-
ne sind, und wobei das biomedizinische Kolloid Blut
ist.

Implantierbare Herz-Therapie-Vorrichtung nach An-
spruch 12, wobei das biomedizinische Kolloid ein
interstitielles Fluid ist.

Implantierbare Herz-Therapie-Vorrichtung nach ei-
nem der Anspriiche 12 oder 13, wobei der Biosensor
implantierbar ist und in unmittelbarer Nadhe zu einem
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Blutgefal angeordnet ist.

Implantierbare Herz-Therapie-Vorrichtung nach ei-
nem der Anspriiche 12, 13 oder 15, weiterhin mit:

einem Prozessor, der dazu ausgelegt ist, eine
Konzentration von Proteinen in dem biomedizi-
nischen Kolloid zu berechnen.

Implantierbare Herz-Therapie-Vorrichtung nach ei-
nemder Anspriiche 12, 13, 15 oder 16, weiterhin mit:

einem Auswerter, der dazu ausgelegt ist, eine
Gefahr flir das Herz auf der Basis der Protein-
konzentration zu detektieren.

Implantierbare Herz-Therapie-Vorrichtung nach An-
spruch 16 oder 17, weiterhin mit:

Mitteln zum Einstellen eines Schrittmacherpa-
rameters auf der Basis der berechneten Kon-
zentration von Proteinen in dem biomedizini-
schen Kolloid.

Revendications

1.

Procédé (500, 600) de surveillance d’une concen-
tration de particules en suspension dans un colloide
biomédical qui comprend :

la production (502) d’'un champ d’assaut ;
I'élimination dudit champ d’assaut ;

la mesure (506) d’'un champ résultant, produit
par interaction particulaire avec le champ d’as-
saut, ledit champ d’assaut étant un champ
acoustique et ledit champ résultant étant un
champ électrique ou ledit champ d’assaut étant
un champ électrique et ledit champ résultant
étant un champ acoustique ;

caractérisé en ce que ledit champ résultant est
produit in vivo par interaction particulaire avec
le champ d’assaut.

Procédé selon la revendication 1, dans lequel ledit
colloide biomédical est le sang.

Procédé selon la revendication 1, dans lequel ledit
colloide biomédical est un fluide interstitiel.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel lesdites particules en suspension

sont des protéines.

Procédé selon la revendication 4, comprenant en
outre :

d. I'évaluation (602) d’'une menace cardiaque
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basée surla concentration des protéines en sus-
pension.

Procédé selon la revendication 4 ou 5, dans lequel
lesdites protéines en suspension comprennent au
moins une protéine choisie dans le groupe constitué
par les BNP et les ANP.

Procédé selon la revendication 5, dans lequel ladite
menace cardiaque est une exacerbation d’insuffi-
sance cardiaque.

Procédé selon 'une quelconque des revendications
4,5 0u 7, dans lequel lesdites protéines en suspen-
sion comprennent au moins une protéine choisie
dans le groupe constitué par la protéine C-réactive,
la CK-MB, I'albumine modifiée par I'ischémie, la tro-
ponine I, la troponine T, la troponine C et la myoglo-
bine.

Procédé selon I'une quelconque des revendications
5 ou 7, dans lequel ladite menace cardiaque est au
moins I'une d’une ischémie du myocarde et de Ié-
sions myocardiques.

Procédé selon I'une quelconque des revendications
5 a9, comprenant en outre :

e. laréalisation d’une thérapie cardiaque basée
sur la menace cardiaque déterminée dans I'éta-

pe (d).

Procédé selon 'une quelconque des revendications
1 a 10, dans lequel une fréquence dudit champ
acoustique est déterminée en prenant pour base les
propriétés des particules en suspension.

Dispositif implantable de thérapie cardiaque com-
prenant un biocapteur (138) destiné a surveiller une
concentration de particules en suspension dans un
colloide biomédical, ledit biocapteur (138)
comprenant :

un générateur configuré pour produire un
champ d’assaut ;

un transmetteur configuré pour transmettre le
champ d’assaut ; et

un récepteur configuré pour détecter un champ
résultant produit par interaction particulaire avec
le champ d’assaut, lorsque leditchamp d’assaut
est éliminé,

ledit champ d’assaut étant acoustique et ledit
champ résultant étant électrique, ou ledit champ
d’assaut étant électrique et ledit champ résultant
étant acoustique, ledit champ indiquant la con-
centration de particules en suspension, carac-
térisé en ce que ledit champ résultant est pro-
duit in vivo par interaction particulaire avec le
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champ d’assaut.

Dispositif implantable de thérapie cardiaque selon
la revendication 12, dans lequel lesdites particules
en suspension sont des protéines, et dans lequel
ledit colloide biomédical est le sang.

Dispositif implantable de thérapie cardiaque selon
larevendication 12, dans lequel ledit colloide biomé-
dical est un fluide interstitiel.

Dispositif implantable de thérapie cardiaque selon
I'une quelconque des revendications 12 ou 13, dans
lequel ledit biocapteur est implantable et se trouve
a proximité étroite d’un vaisseau sanguin.

Dispositif implantable de thérapie cardiaque selon
I'une quelconque des revendications 12, 13 ou 15,
qui comprend en outre :

un processeur configuré pour calculer une con-
centration de protéines dans le colloide biomé-
dical.

Dispositif implantable de thérapie cardiaque selon
I'une quelconque des revendications 12, 13, 15 ou
16, qui comprend en outre :

un interpréteur configuré pour détecter une me-
nace cardiaque en prenant pour base la con-
centration de protéines.

Dispositif implantable de thérapie cardiaque selon
la revendication 16 ou 17, qui comprend en outre :

un moyen d’ajustement d’'un paramétre de sti-
mulation basé sur ladite concentration calculée
de protéines dans le colloide biomédical.
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