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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to im-
plantable pacemakers and more particularly to a subcu-
taneous electrode used to sense, record, and acquire
electrocardiographic data and waveform tracings from
an implanted pacemaker without the need for or use of
surface (skin) electrodes. Preferably, but not exclusively,
the present invention relates to spiral electrodes placed
into recesses incorporated within a compliant, insulative
"surround". Each spiral electrode becomes an integral
element of a Subcutaneous Electrode Array or SEA that,
in turn, detects cardiac depolarizations communicable
and displayable by a portable device programmer.

BACKGROUND OF THE INVENTION

[0002] The electrocardiogram (ECG) is commonly
used in medicine to determine the status of the electrical
conduction system of the human heart. As practiced, an
ECG recording device is commonly attached to the pa-
tient via ECG leads connected to pads arrayed on the
patient’s body so as to achieve a recording that displays
the cardiac waveforms in any one of 12 possible vectors.
Since the implantation of the first cardiac pacemaker,
implantable medical device technology has advanced
with the development of sophisticated, programmable
cardiac pacemakers, pacemaker-cardioverter-defibrilla-
tor arrhythmia control devices and drug administration
devices designed to detect arrhythmias and apply appro-
priate therapies. The detection and discrimination be-
tween various arrhythmic episodes in order to trigger the
delivery of an appropriate therapy is of considerable in-
terest. Prescription for implantation and programming of
the implanted device are based on the analysis of the
PQRST electrocardiogram (ECG) and the electrogram
(EGM). The waveforms are usually separated for such
analysis into the P-wave and R-wave in systems that are
designed to detect the depolarization of the atrium and
ventricle respectively. Such systems employ detection
of the occurrence of the P-wave and R-wave, analysis
of the rate, regularity, and onset of variations in the rate
of recurrence of the P-wave and R-wave, the morphology
of the P-wave and R-wave and the direction of propaga-
tion of the depolarization represented by the P-wave and
R-wave in the heart. The detection, analysis and storage
of such EGM data within implanted medical devices are
well known in the art. Acquisition and use of ECG tracing
(s), on the other hand, has generally been limited to the
use of an external ECG recording machine attached to
the patient via surface electrodes of one sort or another.
The aforementioned ECG systems that utilize detection
and analysis of the PQRST complex are all dependent
upon the spatial orientation and number of electrodes
available near or around the heart to pick up the depo-
larization wave front.
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[0003] As the functional sophistication and complexity
of implantable medical device systems increased over
the years, it has become increasingly more important for
such systems to include a system for facilitating commu-
nication between one implanted device and another im-
planted device and/or an external device, for example, a
programming console, monitoring system, or the like. For
diagnostic purposes, it is desirable that the implanted
device be able to communicate information regarding the
device’s operational status and the patient’s condition to
the physician or clinician. State of the art implantable
devices are available which can even transmit a digitized
electrical signal to display electrical cardiac activity (e.g.,
an ECG, EGM, or the like) for storage and/or analysis by
an external device. The surface ECG, however, has re-
mained the standard diagnostic tool since the very be-
ginning of pacing and remains so today.

To diagnose and measure cardiac events, the cardiolo-
gist has several tools from which to choose. Such tools
include twelve-lead electrocardiograms, exercise stress
electrocardiograms, Holter monitoring, radioisotope im-
aging, coronary angiography, myocardial biopsy, and
blood serum enzyme tests. Of these, the twelve-lead
electrocardiogram (ECG) is generally the first procedure
used to determine cardiac status prior to implanting a
pacing system; thereafter, the physician will normally use
an ECG available through the programmer to check the
pacemaker’s efficacy after implantation. Such ECG trac-
ings are placed into the patient’s records and used for
comparison to more recent tracings. It must be noted,
however, that whenever an ECG recording is required
(whether through a direct connection to an ECG record-
ing device orto a pacemaker programmer), external elec-
trodes and leads must be used.

Unfortunately, surface electrodes have some serious
drawbacks. For example, electrocardiogram analysis
performed using existing external or body surface ECG
systems can be limited by mechanical problems and poor
signal quality. Electrodes attached externally to the body
are a major source of signal quality problems and anal-
ysis errors because of susceptibility to interference such
as muscle noise, power line interference, high frequency
communication equipment interference, and baseline
shift from respiration. Signal degradation also occurs due
to contact problems, ECG waveform artifacts, and patient
discomfort. Externally attached electrodes are subject to
motion artifacts from positional changes and the relative
displacement between the skin and the electrodes. Fur-
thermore, external electrodes require special skin prep-
aration to ensure adequate electrical contact. Such prep-
aration, along with positioning the electrode and attach-
ment of the ECG lead to the electrode needlessly pro-
longs the pacemaker follow-up session. One possible
approach is to equip the implanted pacemaker with the
ability to detect cardiac signals and transform them into
a tracing that is the same as or comparable to tracings
obtainable via ECG leads attached to surface electrodes.
It is known in the art to monitor electrical activity of the
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human heart for diagnostic and related medical purpos-
es. U.S. Pat. No. 4,023,565 issued to Ohlsson describes
circuitry for recording ECG signals from multiple lead in-
puts. Similarly, U.S. Pat. No. 4,263,919 issued to Levin,
U.S. Pat. No. 4,170,227 issued to Feldman, et al, and
U.S. Pat. No. 4,593,702 issued to Kepski, et al, describe
multiple electrode systems that combine surface EKG
signals for artifact rejection.

The primary use for multiple electrode systems in the
prior art appears to be vector cardiography from ECG
signals taken from multiple chest and limb electrodes.
This is a technique whereby the direction of depolariza-
tion of the heart is monitored, as well as the amplitude.
U.S. Pat. No. 4,121,576 issued to Greensite discusses
such a system. Numerous body surface ECG monitoring
electrode systems have been employed in the past in
detecting the ECG and conducting vector cardiographic
studies. For example, U.S. Pat. No. 4,082,086 issued to
Page, et al., discloses a four electrode orthogonal array
that may be applied to the patient’s skin both for conven-
ience and to ensure the precise orientation of one elec-
trode to the other. U.S. Pat. No. 3,983,867 issued to Case
describes a vector cardiography system employing ECG
electrodes disposed on the patient in normal locations
and a hex axial reference system orthogonal display for
displaying ECG signals of voltage versus time generated
across sampled bipolar electrode pairs.

U.S. Pat. No. 4,310,000 to Lindemans and U.S. Pat. Nos.
4,729,376 and 4,674,508 to DeCote, disclose the use of
a separate passive sensing reference electrode mounted
on the pacemaker connector block or otherwise insulated
from the pacemaker case in order to provide a sensing
reference electrode that is not part of the stimulation ref-
erence electrode and thus does not have residual after-
potentials at its surface following delivery of a stimulation
pulse. Moreover, in regard to subcutaneously implanted
EGM electrodes, the aforementioned Lindemans U.S.
Pat. No. 4,310,000 discloses one or more reference
sensing electrode positioned on the surface of the pace-
maker case as described above. U.S. Pat. No. 4,313,443
issued to Lund describes a subcutaneously implanted
electrode or electrodes for use in monitoring the ECG.
[0004] U.S. Pat. No. 5,331,966 to Bennett discloses a
method and apparatus for providing an enhanced capa-
bility of detecting and gathering electrical cardiac signals
via an array of relatively closely spaced subcutaneous
electrodes (located on the body of an implanted device).
U.S. patent No. 6,522,915, "Surround Shroud Connector
and Electrode Housings For A Subcutaneous Electrode
Array And Leadless ECGs," by Ceballos et al., discloses
an apparatus for providing a compliant surround circum-
ferentially placed around the pacemaker’s perimeter and
equipped with recesses for various types of electrodes
used to detect cardiac depolarization waves. It is in con-
junction with this compliant shroud that the present in-
vention is practiced.

[0005] WO-A-02/34333 is prior art for the purposes of
novelty only (Article 54(3) EPC). This document disclos-
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es animplantable medical device having a subcutaneous
electrode array distributed over the perimeter of the de-
vice and a nonconductive surround shroud of biocom-
patible material.

[0006] EP-A-0941695 discloses an implantable cardi-
ac monitor employing a leadless electrode system.

SUMMARY OF THE INVENTION

[0007] Theinvention provides an apparatus as defined
in claim 1.

[0008] The present invention encompasses a Subcu-
taneous Spiral Electrode, as a preferred embodiment,
that is embedded individually into three or four recessed
casings placed in a compliant surround that is attached
to the perimeter of an implanted pacemaker. These elec-
trodes are electrically connected to the circuitry of the
implanted pacemaker and detect cardiac depolarization
waveforms displayable as electrocardiographic tracings
on the pacemaker Programmer screen when the pro-
gramming head is positioned above an implanted pace-
maker (or other implanted device) so equipped with a
leadless Subcutaneous Electrode Array (SEA).

[0009] Therecessed casingis composed of a polymer.
This casing has walls into which body fluid is allowed to
flow so that the body fluid is above and around the spiral
coil, which is maintained within the casing by a small
circumferential well constructed into the base of the re-
cessed casing. The spiral coil may be constructed from
any of the titanium group of metals, as well as platinum,
platinum alloys, or any of the platinum group of metals
with or without alloying components. This spiral coil con-
stitutes the proximal end of a continuous wire that, upon
egress from the recessed casing, is insulated by tubular,
insulative material such as silicone. The insulated tubular
wiring fits into channel(s) located on the inner arc of the
aforementioned compliant surround. The distal end of
this wire is welded to a connector feedthrough assembly
in contact with amplifier(s) in the microprocessor circuitry.
[0010] The presentinvention is designed to solve sev-
eral problems that may be encountered in the use of sub-
cutaneous electrodes generally. The electrical potentials
from the cardiac depolarizations are very small, in the
order of tens of microvolts. As a result, the signal that
reaches the electrodes may have a low slew rate. Solid,
plate electrodes exhibit noise spikes and potential drifts
that are large in comparison to the cardiac signals. These
plate electrodes themselves may be the major contribu-
tors to such noise. Contamination of electrode surfaces
at the molecular level may cause extraneous voltage ex-
cursions large enough to interfere with the sensing func-
tion. Motion artifacts from the perturbation caused by fluid
or tissue motion next to the surface has been demon-
strated in tank tests, and represents a commonly ob-
served phenomenon.

[0011] The present invention, in its preferred embodi-
ment, solves these issues in that it is a spiral, subcuta-
neous electrode that can be attached to a pulse generator



5 EP 1 331 878 B1 6

viaa compliant surround and provide areliable response.
The electrode has a large surface area, is manufactured
from low cost materials, and can be assembled in an
inexpensive way. The surface of the electrode has no
direct contact with body tissue and moving body fluids,
but it is treated with electrode coatings such as platinum
black or titanium nitride to enhance its signal-conducting
and depolarization properties. Such enhancing coatings
are important since, as time passes, the pacemaker and,
with it, the electrodes become encapsulated in scar tis-
sue and thus come into indirect contact with the body
tissue. Even indirect tissue contact may have a damping
effect on the detection ability of the electrode if not treated
with enhancing coatings.

The electrode, as designed, affords a continuous wire
connection, without weld or bonds on the electrode sur-
face. Moreover, the electrode is anchored in the device
free of any chemical bonding that might cause potential
excursions due to electro active species being released
to the electrode surface. The portion of the electrode cov-
ered by the recessed casing is minimal thereby prevent-
ing any potential excursions caused by fluid creep or by
trapped oxygen or hydrogen gradients, or P,, gradients.
A second embodiment of the present invention employs
a coiled electrode design that is manufactured in a rec-
tangular configuration. This electrode has all the same
electrical and signal detection properties as the spiral
electrode and is constructed of the same materials and
has the same enhancing coatings.

[0012] A third embodiment of the present invention us-
es aflat plated electrode embedded within the well of the
recessed casing. To mechanically stabilize the electrode
and reduce the possibility of electro kinetic potential dis-
turbances on the electrode (due to tissue or fluid motion
artifact), the bottom of the recess or well is patterned with
a cross hatch of elevations and depressions with a min-
imum of contact area between the plate and the polymer
used in the recessed casing. The purpose of the cross-
hatch is to support the electrode and provide fluid contact
to the underside of the electrode interface.

[0013] A protective cap, vented to allow fluid ingress
to the active electrode element, may be placed over the
well containing the flat electrode. This cap applies pres-
sure on the electrode, pressing it against the textured
bottom of the recess or well, thus preventing motion of
the electrode. This cap also serves to dampen any ex-
ternal fluid motion that might otherwise reach the elec-
trode and cause electro kinetic potential transients. The
electrodes’ surfaces require protection during handling
as well as to prevent contamination. A coating, such as
may be provided by Dexamethazone Sodium Phos-
phate, provides such protection as well as enhancing the
wetting of the electrode surface afterimplant. Conductive
hydro gels, applied wet and allowed to dry, may also be
applied to the electrode surfaces to protect them from
damage during handling and prevent contamination.
The spacing of the electrodes in the present invention
around the compliant surround provides maximal elec-
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trode spacing and, at the same time, appropriate insula-
tion from the pacemaker casing due to the insulative
properties of the surround and the cup recesses into
which the electrodes are placed. The positioning main-
tains a maximum and equal distance between the elec-
trode pairs. Such spacing with the four-electrode embod-
iment maintains the maximum average signal due to the
fact that the spacing of the two vectors is equal and the
angle between these vectors is 90°, as is shown in math-
ematical modeling. Such orthogonal spacing of the elec-
trode pairs also minimizes signal variation. An alternate
three-electrode embodiment has the electrodes ar-
ranged within the shroud in an equilateral triangle along
the perimeter of the implanted pacemaker. Vectors in this
embodiment can be combined to provide adequate sens-
ing of cardiac signals (ECGs).

The present invention allows the physician or medical
technician to perform leadless follow-up that, in turn,
eliminates the time it takes to attach external leads to the
patient. Such timesavings can reduce the cost of follow-
up, as well as making it possible for the physician or med-
ical technician to see more patients during each day.
Though not limited to these, other uses include: Holter
monitoring with event storage, arrhythmia detection and
monitoring, capture detection, ischemia detection and
monitoring (S-T elevation and suppression on the ECG),
changes in QT interval, and transtelephonic monitoring.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1is an illustration of a body-implantable device
system in accordance with the present invention, in-
cluding a hermetically sealed device implanted in a
patient and an external programming unit.

FIG. 2 is missing from this application.

FIG. 3 is a block diagram of the implanted device
from FIG. 1.

FIG. 4 is a sectional view of surround shroud dis-
playing electrical connections of the electrodes to
the hybrid circuitry.

FIG. 5is a cross sectional view of a spiral coil, which
is one embodiment of an electrode practiced in the
present invention.

FIG. 6 is a cross sectional view of spiral coil housed
in a well at the base of a recessed casing.

FIG. 7 is a cross sectional view of a recessed cup
that employs a cross hatch of elevations and depres-
sions in the well at the base of the cup.

FIG. 8is across sectional view of a vented protective
cap fitting over and into the recessed cup.

FIG.9 is a cross sectional view of rectangular coil
electrodes.

DETAILED DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is an illustration of an implantable med-
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ical device system adapted for use in accordance with
the presentinvention. The medical device system shown
in FIG. 1includes animplantable device 10, a pacemaker
in thisembodiment, which has beenimplantedin a patient
12. In accordance with conventional practice in the art,
pacemaker 10 is housed within a hermetically sealed,
biologically inert outer casing, which may itself be con-
ductive so as to serve as an indifferent electrode in the
pacemaker’s pacing/sensing circuit. One or more pace-
maker leads, collectively identified with reference numer-
al 14 in FIG. 1 are electrically coupled to pacemaker 10
in a conventional manner and extend into the patient’s
heart 16 via a vein 18. Disposed generally near the distal
end of leads 14 are one or more exposed conductive
electrodes for receiving electrical cardiac signals and/or
for delivering electrical pacing stimuli to heart 16. As will
be appreciated by those of ordinary skill in the art, lead
14 may be implanted with its distal end situated in the
atrium and/or ventricle of heart 16.

[0016] Althoughthe presentinvention will be described
herein in one embodiment which includes a pacemaker,
those of ordinary skill in the art having the benefit of the
present disclosure will appreciate that the present inven-
tion may be advantageously practiced in connection with
numerous other types of implantable medical device sys-
tems, and indeed in any application in which itis desirable
to provide a communication link between two physically
separated components.

[0017] Also depicted in FIG. 1 is an external program-
ming unit 20 for non-invasive communication with im-
planted device 10 via uplink and downlink communication
channels, to be hereinafter described in further detail.
Associated with programming unit 20 is a programming
head 22, in accordance with conventional medical device
programming systems, for facilitating two-way commu-
nication between implanted device 10 and programmer
20. In many known implantable device systems, a pro-
gramming head such as that depicted in FIG. 1 is posi-
tioned on the natient’s body over the implant site of the
device (usually within 2- to 3-inches (5-7.5 cm) of skin
contact), such that one or more antennae within the head
can send RF signals to, and receive RF signals from, an
antenna disposed within the hermetic enclosure of the
implanted device or disposed within the connector block
of the device, in accordance with common practice in the
art.

[0018] Internally, in the preferred embodiments, the
programmer 20 includes a processing unit (not shown in
the Figures) that in accordance with the presently dis-
closed invention is a personal computer type mother-
board, e.g., a computer motherboard including an Intel
Pentium 3 microprocessor and related circuitry such as
digital memory. The details of design and operation of
the programmer’s computer system will not be set forth
in detail in the present disclosure, as it is believed that
such details are well-known to those of ordinary skill in
the art.

[0019] Programmer 20 comprises an outer housing,
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which is preferably made of thermal plastic or another
suitably rugged yet relatively light-weight material. A car-
rying handle is integrally formed into the front of the hous-
ing. With this handle, programmer 20 can be carried like
a briefcase.

[0020] An articulating display screen is disposed on
the upper surface of the housing. The display screen folds
down into a closed position (not shown) when program-
mer 20 is not in use, thereby reducing the size of pro-
grammer 20 and protecting the display surface during
transportation and storage thereof.

[0021] A floppy disk drive is disposed within the hous-
ing and is accessible via a disk insertion slot (not shown).
A hard disk drive is also disposed within the housing, and
itis contemplated that a hard disk drive activity indicator,
(e.g., an LED, not shown) could be provided to give a
visible indication of hard disk activation.

[0022] As would be appreciated by those of ordinary
skill in the art, it is often desirable to provide a means for
determining the status of the patient’s conduction sys-
tem. Normally, programmer 20 is equipped with external
ECG leads 24. It is these leads which are rendered re-
dundant by the present invention.

[0023] Programmer 20 may be equipped with an inter-
nal printer (not shown) so that a hard copy of a patient’s
ECG or of graphics displayed on the programmer’s dis-
play screen 64 can be generated. Several types of print-
ers, such as the AR-100 printer available from General
Scanning Co., are known and commercially available.
[0024] In the perspective view of FIG. 2, programmer
20 is shown with articulating display screen 64 having
been lifted up into one of a plurality of possible open
positions such that the display area thereof is visible to
a user situated in front of programmer 20. Articulating
display screen is preferably of the LCD or electro-lumi-
nescent type, characterized by being relatively thin as
compared, for example, a cathode ray tube (CRT) or the
like.

[0025] As would be appreciated by those of ordinary
skill in the art, display screen 64 is operatively coupled
to the computer circuitry disposed within housing 60 and
is adapted to provide a visual display of graphics and/or
data under control of the internal computer.

[0026] Programmer 20 described herein with refer-
ence to FIG. 2 is described in more detail in U.S. Pat.
No. 5,345,362 issued to Thomas J. Winkler, entitled
"Portable Computer Apparatus With Articulating Display
Panel".

[0027] The Medtronic Model 9790 programmer is the
implantable device-programming unit with which the
present invention may be advantageously practiced.
FIG. 3 is a block diagram of the electronic circuitry that
makes up pulse generator 10 in accordance with the
presently disclosed invention. As can be seen from FIG.
3, pacemaker 10 comprises a primary stimulation control
circuit 20 for controlling the device’s pacing and sensing
functions. The circuitry associated with stimulation con-
trol circuit 20 may be of conventional design, in accord-
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ance, for example, with what is disclosed Pat. No.
5,052,388 issued to Sivula et al., "Method and apparatus
for implementing activity sensing in a pulse generator."
To the extent that certain components of pulse generator
10 are conventional in their design and operation, such
components will not be described herein in detail, as it
is believed that design and implementation of such com-
ponents would be a matter of routine to those of ordinary
skill in the art. For example, stimulation control circuit 20
in FIG. 3 includes sense amplifier circuitry 24, stimulating
pulse output circuitry 26, a crystal clock 28, a random-
access memory and read-only memory (RAM/ROM) unit
30, and a central processing unit (CPU) 32, all of which
are well-known in the art.

[0028] Pacemaker 10 also includes internal communi-
cation circuit 34 so that it is capable of communicating
with external programmer/control unit 20.

[0029] With continued reference to FIG. 3, pulse gen-
erator 10 is coupled to one or more leads 14 which, when
implanted, extend transvenously between the implant
site of pulse generator 10 and the patient’s heart 16, as
previously noted with reference to FIG. 1. Physically, the
connections between leads 14 and the various internal
components of pulse generator 10 are facilitated by
means of a conventional connector block assembly 11,
shown in FIG. 1. Electrically, the coupling of the conduc-
tors of leads and internal electrical components of pulse
generator 10 may be facilitated by means of a lead inter-
face circuit 19 which functions, in a multiplexer-like man-
ner, to selectively and dynamically establish necessary
connections between various conductors in leads 14, in-
cluding, for example, atrial tip and ring electrode conduc-
tors ATIP and ARING and ventricular tip and ring elec-
trode conductors VTIP and VRING, and individual elec-
trical components of pulse generator 10, as would be
familiar to those of ordinary skill in the art. For the sake
of clarity, the specific connections between leads 14 and
the various components of pulse generator 10 are not
shown in FIG. 3, although it will be clear to those of or-
dinary skill in the art that, for example, leads 14 will nec-
essarily be coupled, either directly or indirectly, to sense
amplifier circuitry 24 and stimulating pulse output circuit
26, in accordance with common practice, such that car-
diac electrical signals may be conveyed to sensing cir-
cuitry 24, and such that stimulating pulses may be deliv-
ered to cardiac tissue, via leads 14. Also not shown in
FIG. 3 is the protection circuitry commonly included in
implanted devices to protect, for example, the sensing
circuitry of the device from high voltage stimulating puls-
es.

[0030] As previously noted, stimulation control circuit
20 includes central processing unit 32 which may be an
off-the-shelf programmable microprocessor or micro
controller, but in the present invention is a custom inte-
grated circuit. Although specific connections between
CPU 32 and other components of stimulation control cir-
cuit 20 are not shownin FIG. 3, it will be apparent to those
of ordinary skill in the art that CPU 32 functions to control
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the timed operation of stimulating pulse output circuit 26
and sense amplifier circuit 24 under control of program-
ming stored in RAM/ROM unit 30. Itis believed that those
of ordinary skill in the art will be familiar with such an
operative arrangement.

[0031] With continued reference to FIG. 3, crystal os-
cillator circuit 28, in the presently preferred embodiment
a 32,768-Hz crystal controlled oscillator, provides main
timing clock signals to stimulation control circuit 20.
Again, the lines over which such clocking signals are pro-
vided to the various timed components ofpulse generator
10 (e.g., microprocessor 32) are omitted from FIG. 3 for
the sake of clarity.

[0032] It is to be understood that the various compo-
nents of pulse generator 10 depicted in FIG. 3 are pow-
ered by means of a battery (not shown) which is con-
tained within the hermetic enclosure of pacemaker 10,
in accordance with common practice in the art. For the
sake of clarity in the Figures, the battery and the connec-
tions between it and the other components of pulse gen-
erator 10 are not shown.

[0033] Stimulating pulse output circuit 26, which func-
tions to generate cardiac stimuli under control of signals
issued by CPU 32, may be, for example, of the type dis-
closed in U.S. Pat. No. 4,476,868 to Thompson, entitled
"Body Stimulator Output Circuit."

[0034] Again, however, it is believed that those of or-
dinary skill in the art could select from among many var-
ious types of prior art pacing output circuits that would
be suitable for the purposes of practicing the present in-
vention.

[0035] Sense amplifier circuit 24, which is of conven-
tional design, functions to receive electrical cardiac sig-
nals from leads 14 and to process such signals to derive
eventsignals reflecting the occurrence of specific cardiac
electrical events, including atrial contractions (P-waves)
and ventricular contractions (R-waves). CPU provides
these event-indicating signals to CPU 32 for use in con-
trolling the synchronous stimulating operations of pulse
generator 10 in accordance with common practice in the
art. In addition, these event-indicating signals may be
communicated, via uplink transmission, to external pro-
gramming unit 20 for visual display to a physician or cli-
nician.

[0036] Those of ordinary skill in the art will appreciate
that pacemaker 10 may include numerous other compo-
nents and subsystems, for example, activity sensors and
associated circuitry. The presence or absence of such
additional components in pacemaker 10, however, is not
believed to be pertinent to the present invention, which
relates primarily to leadless electrodes useful for the im-
plementation and operation of communication subsys-
tem 34 in pacemaker 10, and an associated communi-
cation subsystem in external unit 20.

FIG. 4 is a sectional view of surround shroud 48 display-
ing electrical connections of the electrodes to the hybrid
circuitry surrounded by insulators 43. Surround displays
recessed cups 49b and electrical contacts 49a all of
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which are connected to the hybrid circuitry (not shown)
via tubular wiring 53. Tubular wiring 53 is welded to
feedthrough contacts 52 located on upper portion of the
board holding the hybrid circuitry. Other contacts 64 elec-
trically connect the atrial and ventricular pacing lead tip
and ring to the hybrid circuitry.

[0037] FIG. 5is across sectional view of spiral coil 61,
which is the preferred embodiment of an electrode prac-
ticed in the present invention. Spiral coil 61 consists of a
wire of titanium or any of the titanium group of metals,
platinum, platinum alloy, or any platinum group of metals
whose surface may be treated by sputtering, platiniza-
tion, ion milling, sintering, etching, or a combination of
these processes to create a large specific surface area.
Spiral coil 61a is designed to fit into recessed well 49¢c
(see FIG. 6), within which spiral coil 61b rests. The pro-
truding end of spiral coil 61c is manufactured continuous
with tubular wiring 53 (see FIG. 6). The one-piece con-
tinuous design eliminates an additional weld or connec-
tion at the actual electrode. The elimination of the weld
in this area is significant, because it eradicates the pos-
sibility of two dissimilar metals interacting within the ionic
environment and adding an erroneous signal to the sys-
tem. Removing the weld also eliminates any intermetalics
formed during the weld.

[0038] FIG. 6 is a cross sectional view of spiral coil 61
fitted into well 49¢ at the base of recessed cup 49b that
is fitted into compliant shroud 48 (see FIG 4). Thin film
coatings via sputtering (porous TiN), platinization (plati-
num black), or applications of RuO, ion milling, sintering,
etching, or a combination of these processes to create a
large specific surface area may be used to treat the sur-
face of spiral coil wire 61. Larger surface areas decrease
the interfacial impedance, thereby allowing lower imped-
ances at lower frequencies, thereby increase the signal-
to-noise ratio. Wire is manufactured of any of the titanium
group of metals, as well as platinum, platinum alloy, or
any of the platinum group of metals, with or without al-
loying components.

The spaces around spiral coil 61 allow body fluid to flow
around, between, and below the metal coils. Body fluids
have conductive properties that allow cardiac depolari-
zation waves to reach spiral electrode 61. The depolari-
zation waves are detected as changes in electrical po-
tential and transmitted via continuous tubular wire pro-
tected by insulator 63 as wire exits well 49c. Tubular ma-
terial 53 keeps the wire insulated from other electrical
potentials and protects the continuous wire. This contin-
uous, conductive wire carries the signal(s) to the amplifier
(s), hybrid circuitry, and microprocessor for processing
and conversion into ECG tracings that may be printed by
the printer located in programmer 20. Compliant shroud
48 (see FIG. 4) serves to maintain the recessed cup in
position relative to other coils which spacing is required
for orthogonal or equilateral detection of the cardiac de-
polarization waves.

[0039] FIG. 7 is a cross sectional view of a recessed
cup that employs a crosshatch of elevations and depres-
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sions 66 in well 49c at base of recessed cup 49b. These
elevations and depressions are continuous with the pol-
ymer used in the recessed cup and well. An alternative
electrode embodiment, which may be used with the
crosshatched base, employs a thin, solid, spherical elec-
trode 68 that lies on top of crosshatch 66. Viewed from
above, crosshatch 67 would appear as shown. Viewed
again from above, individual elevations 66a appear as
shown on the inset drawing. Turning again to the cross-
hatch, elevations and depressions 66 mechanically sta-
bilize the electrode and reduce the possibility of electro
kinetic potential disturbances on the electrode (tissue or
fluid motion artifact). The pattern of crosshatched eleva-
tions and depressions provide a minimum contact area
between the wire and the polymer used to form the re-
cessed cup 49b and well 49c. The purpose of the cross-
hatch is to support electrode 68 while providing fluid con-
tact around, between, and below underside of electrode.
Body fluids have conductive properties that allow cardiac
depolarization waves to reach electrode 68. Since thin,
solid, spherical electrode 68 is not continuous with tubu-
lar wiring 53, small metal plate 65 bonded or welded to
tubular wiring 53is welded to underside of electrode 68.
Cardiac depolarization waves are detected as changes
in electrical potential and transmitted via continuous tu-
bular wire protected by insulator 63 as wire exits well 49c.
A tubular material 53 that keeps the wire insulated from
other electrical potentials then protects the continuous
wire. This conductive wire carries the signal(s) to the am-
plifier(s), hybrid circuitry, and microprocessor for
processing and conversion into ECG tracings that are
printed by the printer located in programmer 20. Compli-
ant shroud 48 (see FIG. 4) serves to maintain the re-
cessed cup in position relative to other coils which spac-
ing is required for orthogonal or equilateral detection of
the cardiac depolarization waves.

[0040] FIG. 8 is a cross sectional view of vented pro-
tective cap 69a fitted over and into recessed cup 49b.
Protective cap 69a is vented to allow fluid ingress to the
active electrode element and is placed over the well 69¢
containing active electrode 68. This cap slides into re-
cessed cup 49b, contacts electrode 68 and applies pres-
sure 70 on the electrode, pressing it against the cross-
hatched bottom 66 of well 49c¢, thus preventing motion
of the electrode. The cap, constructed of a polymer such
as urethane, also serves to dampen any external fluid
motion that might otherwise reach the active elementand
cause electro kinetic potential transients. A preferred de-
sign forthe openingsin the capis one in which the support
elements all run perpendicular to the elements of the
coiled wire, i.e., radially as shown in the drawing 69a.
[0041] The ribs in cross section 69b are rounded on
top to eliminate sharp edges, presenting a smooth ap-
pearance. The outer diameter of the protective cap is
sized to provide a sliding fit 69c¢ into the well containing
the electrode. The protective cap may then be bonded
to the wall of the recessed casing 49b with a suitable
bonding agent. The cap and the electrode well must ac-
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commodate the wire 53 leading to the hybrid circuitry. A
small opening in the side of the recessed casing serves
to carry tubular wire from electrode to hybrid circuitry.
Insulator 63 serves as anchor for wire 53 while the bond-
ing material to small metal plate 65 serves as a seal.
FIG. 9 shows a cross sectional view of rectangular coil
electrode 70 and 71, as well as a perspective view 72 of
the same electrode which is an alternative embodiment
of the present invention. Rectangular coil 70 consists of
a wire of titanium or any of the titanium group of metals,
platinum, platinum alloy, or any platinum group of metals
whose surface may be treated by sputtering, platiniza-
tion, ion milling, sintering, etching, or a combination of
these processes to create a large specific surface area.
Rectangular coil 70 is designed to fit into a rectangular
recessed well 49c (modified from that shown in FIG. 6),
within which rectangular coil 71 rests. The protruding end
of rectangular coil 70a is manufactured continuous with
tubular wiring 53 (see FIG. 6). The one-piece continuous
design eliminates an additional weld or connection at the
actual electrode. The elimination of the weld in this area
is significant, because it eradicates the possibility of two
dissimilar metals interacting within the ionic environment
and adding an erroneous signal to the system. Removing
the weld also eliminates any intermetalics formed during
the weld.

[0042] While particular embodiments of the presentin-
vention have been shown and described, these are de-
scribed by way of example only.

Claims

1. Apparatus for leadless acquisition of electrocardio-
graphic data using an array of subcutaneous elec-
trodes (61, 68, 70, 71) to detect cardiac depolariza-
tion signals that are very small, and signals with low
slew rates, the apparatus comprising:

a hermetically sealed case;

a plurality of subcutaneous electrodes (61, 68,
70, 71) attached to a pulse generator (10) by a
compliant surround (48), mounted in the periph-
ery surface of the case; and

signal processing circuitry inside the case and
electrically coupled to the plurality of electrodes
to detect cardiac signals and provide electrocar-
diographic data; and wherein the surface of said
plurality of electrodes is isolated from direct con-
tact with body tissue and moving body fluids.

2. The apparatus of claim 1, wherein said surface of
said electrodes is treated with electrode coating such
as platinum black or titanium nitride to enhance sig-
nal conducting and depolarization properties.

3. The apparatus of claim 1 or 2 wherein said plurality
of said electrodes include a continuous wire connec-
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12,

13.

14,

tion without weld or bonds on the electrode surface.

The apparatus of any preceding claim wherein said
electrodes are anchored in the case, free of any
chemical bonding, in a recessed section (496) of the
case.

The apparatus of claim 4, wherein a portion of said
electrode that is covered by said recessed section
is minimal to prevent potential excursions caused by
fluid creep or by trapped oxygen or hydrogen gradi-
ent.

The apparatus of any preceding claim wherein said
electrodes include a coiled electrode design (70, 71)
in a rectangular configuration.

The apparatus of any of claims 1 to 5 wherein said
electrodes include a flat plated electrode (68) em-
bedded within a well of said recessed casing.

The apparatus of claim 7 wherein said flat plated
electrode is stabilized against electromagnetic po-
tential disturbances by structuring the bottom of said
recessed casing patterned with a cross-hatch struc-
ture (66) with elevations and depressions formed to
have a minimum contact area between the plate and
the polymer used in the recessed casing.

The apparatus of claim 8 wherein said cross-hatch
structure supports said electrode and enables fluid
contact with the underside of said electrode surface.

Apparatus of claim 7, 8 or 9 wherein a protective cup
(69a) is placed to allow fluid to ingress to the active
electric element wherein said protective cap is
placed over the recessed section containing said flat
electrode.

The apparatus of claim 10 wherein said cap is struc-
tured to apply pressure on said electrode for pressing
against said textured bottom of the recessed casing
to prevent motion of said electrode.

The apparatus of claim 11 wherein said cap is struc-
tured to dampen external fluid motion that might oth-
erwise reach said electrode and cause electrocon-
netic transience.

The apparatus of any of claims 1 to 5, wherein said
electrodes include a spiral coil electrode (61).

The apparatus of claim 13 wherein the case includes
walls into which body fluid is allowed to flow so that
the body fluid is above and around the spiral elec-
trodes and is contained in the casing by a small cir-
cumferential well constructed into the base of said
recessed casing.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

15 EP 1 331 878 B1 16

The apparatus according to claim 13 or 14, wherein
the spiral electrode includes spiral coils consisting
of materials selected from the group of platinum, plat-
inum alloys and platinum group of metals with or with-
out alloy components.

The apparatus accordingto claim 13, 14 or 15 where-
in said spiral electrodes include a spiral coil forming
a proximal end of a continuous wire that upon egress
from said recessed casing, is insulated by tubular
insulative materials.

The apparatus according to claim 16 wherein said
insulated tubular insulative material feeds into chan-
nels located on the inner arc on a compliant sur-
round.

The apparatus according to claim 16, wherein a dis-
tal end of said continuous wire is welded to connector
feedthrough assembly in contact with amplifiers in a
microprocessor circuitry.

The apparatus of any preceding claim wherein said
electrode surface is treated with a coating to protect
from contamination during handling.

The apparatus of claim 19 wherein said coating in-
cludes dexamethasone sodium phosphates to pro-
vide protection to enhance the wetting of the elec-
trode surface after implant.

The apparatus of claim 20 wherein conductive hydro
gels are applied to said electrode surface to protect
from damage during handling and prevent contam-
ination.

The apparatus of any preceding claim wherein a
spacing of said electrodes around said compliant
surround provides maximum electrode spacing.

The apparatus of claim 22 wherein said spacing
maintains a maximum average signal using two
equal vectors.

The apparatus of claim 23 wherein said spacing of
said equal vectors includes a 90° angle vector.

The apparatus of any preceding claim wherein said
recessed case is composed of a polymer.

Patentanspriiche

1.

Vorrichtung zur leitungsfreien Erfassung elektrokar-
diographischer Daten unter Verwendung einer An-
ordnung subkutaner Elektroden (61, 68, 70, 71), um
Herzdepolarisationssignale, die sehr klein sind, und
Signale mit niedrigen Anstiegsgeschwindigkeiten zu
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detektieren, wobei die Vorrichtung aufweist:

ein hermetisch gedichtetes Gehause,

eine Vielzahl subkutaner Elektroden (61, 68, 70,
71), die durch eine nachgiebige Einfassung
(48), diein der AuRenflache des Gehduses mon-
tiertist, an einem Impulsgenerator (10) befestigt
sind, und

eine  Signalverarbeitungs-Schaltungsanord-
nung innerhalb des Gehauses, die elektrisch mit
der Vielzahl von Elektroden gekoppelt ist, um
Herzsignale zu detektieren und elektrokardio-
graphische Daten bereitzustellen, wobei die
Oberflache der Vielzahl von Elektroden gegen
einen direkten Kontakt mit Kérpergewebe und
sich bewegenden Korperflissigkeiten bzw. -flui-
den isoliert ist.

Vorrichtung nach Anspruch 1, wobei die Oberflache
der Elektroden mit einer Elektrodenbeschichtung,
wie Platinschwarz oder Titannitrid, behandelt ist, um
Signalleitungs- und Depolarisationseigenschaften
zu verbessern.

Vorrichtung nach Anspruch 1 oder 2, wobei die Viel-
zahl der Elektroden eine zusammenhangende
Drahtverbindung ohne SchweiRungen oder Bond-
verbindungen an der Elektrodenoberflache auf-
weist.

Vorrichtung nach einem der vorstehenden Anspri-
che, wobei die Elektroden in dem Gehé&use, frei von
jeder chemischen Bindung, in einem eingesenkten
Abschnitt (496) des Gehauses verankert sind.

Vorrichtung nach Anspruch 4, wobei ein Teil der
Elektrode, der durch den eingesenkten Abschnitt be-
decktist, minimal ist, um Potentialausschlage zu ver-
hindern, die durch Kérperflussigkeitskriechen oder
Gradienten eingeschlossenen Sauerstoffs oder
Wasserstoffs hervorgerufen werden.

Vorrichtung nach einem der vorstehenden Anspri-
che, wobei die Elektroden eine spulenformige Elek-
trodenkonstruktion (70, 71) in einer rechteckigen
Konfiguration aufweisen.

Vorrichtung nach einem der Anspriche 1 bis 5, wo-
bei die Elektroden eine flache Plattenelektrode (68)
aufweisen, die in eine Mulde des mit Einsenkungen
versehenen Gehauses eingebettet ist.

Vorrichtung nach Anspruch 7, wobei die flache Plat-
tenelektrode gegen elektromagnetische Potential-
stérungen stabilisiert ist, indem der Boden des mit
Einsenkungen versehenen Gehduses mit einer
kreuzschraffierten Struktur (66) mit Erhéhungen und
Vertiefungen, die so ausgebildet sind, dass zwi-
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schen der Platte und dem in dem mit Einsenkungen
versehenen Gehaduse verwendeten Polymer eine
minimale Kontaktflaiche vorhanden ist, strukturiert
ist.

Vorrichtung nach Anspruch 8, wobei die kreuz-
schraffierte Struktur die Elektrode tragt und einen
Fluidkontakt bzw. Kérperflissigkeitskontakt mit der
Unterseite der Elektrodenflache ermdglicht.

Vorrichtung nach Anspruch 7, 8 oder 9, wobei eine
Schutzkappe (69a) angeordnet ist, um das Eindrin-
gen von KorperflUssigkeiten in das aktive elektrische
Element zu ermdglichen, wobei die Schutzkappe
Uber dem eingesenkten Abschnitt angeordnet ist,
der die flache Elektrode enthalt.

Vorrichtung nach Anspruch 10, wobei die Kappe so
aufgebaut ist, dass ein Druck auf die Elektrode aus-
gelbt wird, um gegen den strukturierten Boden des
mit Einsenkungen versehenen Gehauses zu drik-
ken, um eine Bewegung der Elektrode zu verhin-
dern.

Vorrichtung nach Anspruch 11, wobei die Kappe so
aufgebaut ist, dass eine auflere Fluidbewegung
bzw. Korperflissigkeitsbewegung gedampft wird,
die andernfalls die Elektrode erreichen kénnte und
elektrokinetische bzw. elektroconnectische Tran-
sienten hervorrufen kénnte.

Vorrichtung nach einem der Anspriiche 1 bis 5, wo-
bei die Elektroden eine Spiralspulenelektrode (61)
einschlielRen.

Vorrichtung nach Anspruch 13, wobei das Gehause
Wande aufweist, in die Korperflissigkeit flieRen
kann, so dass die Korperflissigkeit sich oberhalb der
Spiralelektroden und um diese herum befindet und
durch eine kleine Umfangsmulde, die in der Basis
des mit Einsenkungen versehenen Gehauses gebil-
det ist, in das Gehause eingeschlossen bzw. einge-
fasst ist.

Vorrichtung nach Anspruch 13 oder 14, wobei die
Spiralelektrode Spiralspulen aufweist, die aus Ma-
terialien bestehen, die aus der Gruppe ausgewahlt
sind, welche aus Platin, Platinlegierungen und Me-
tallen der Platingruppe mit oder ohne Legierungs-
komponenten besteht.

Vorrichtung nach Anspruch 13, 14 oder 15, wobei
die Spiralelektroden eine Spiralspule aufweisen,
welche ein proximales Ende eines zusammenhan-
genden Drahtes bildet, der beim Austreten aus dem
mit Einsenkungen versehenen Gehause durch réh-
renférmige Isolationsmaterialien isoliert ist.
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Vorrichtung nach Anspruch 16, wobei das isolierte
rohrenférmige Isolationsmaterial in Kanéle einge-
fuhrt ist, die sich am inneren Bogen an einer nach-
giebigen Einfassung befinden.

Vorrichtung nach Anspruch 16, wobei ein distales
Ende des zusammenhangenden Drahts an die Ver-
binderdurchfiihrungsanordnung in Kontakt mit Ver-
stérkern in einer Mikroprozessorschaltungsanord-
nung geschweildt ist.

Vorrichtung nach einem der voranstehenden An-
spriiche,

wobei die Elektrodenoberflache mit einer Beschich-
tung behandeltist, um vor einer Verunreinigung wah-
rend der Handhabung zu schitzen.

Vorrichtung nach Anspruch 19, wobei die Beschich-
tung Dexamethasonnatriumphosphat aufweist, um
einen Schutz bereitzustellen und die Befeuchtung
der Elektrodenoberflache nach der Implantation zu
verbessern.

Vorrichtung nach Anspruch 20, wobei leitfahige Hy-
drogele auf die Elektrodenoberflache aufgebracht
sind, umvor einer Beschadigung wahrend der Hand-
habung zu schiitzen und eine Verunreinigung zu ver-
hindern.

Vorrichtung nach einem der voranstehenden An-
spriiche, wobei der Abstand der Elektroden um die
nachgiebige Einfassung einen maximalen Elektro-
denabstand bereitstellt.

Vorrichtung nach Anspruch 22, wobei der Abstand
das maximale durchschnittliche Signal bei Verwen-
dung zweier gleicher Vektoren aufrechterhalt.

Vorrichtung nach Anspruch 23, wobei der Abstand
der gleichen Vektoren einen 90°-Winkel-Vektor auf-
weist.

Vorrichtung nach einem der voranstehenden An-
spriiche, wobei das mit Einsenkungen versehene
Gehause aus einem Polymer besteht.

Revendications

Dispositif pour une acquisition sans raccord de don-
nées électrocardiographiques en utilisant un réseau
d’électrodes subcutanées (61, 68, 70, 71) pour dé-
tecter des signaux de dépolarisation cardiaques qui
sont trés petits, et des signaux ayant des vitesses
de saut lentes, le dispositif comportant :

un boitier hermétiquement étanchéifié ;
une pluralité d’électrodes subcutanées (61, 68,
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70, 71) reliées a un générateur d’impulsions (10)
par un encadrement conforme (48), montées
dans la surface périphérique du boitier et,

un circuit de traitement de signal a l'intérieur du
boitier et électriquement couplé a la pluralité
d’électrodes pour détecter des signaux cardia-
ques et délivrer des données électrocardiogra-
phiques, et dans lequel la surface de ladite plu-
ralité d’électrodes est isolée d’un contact direct
avec un tissu organique et des liquides organi-
ques mobiles.

Dispositif selon la revendication 1, dans lequel ladite
surface desdites électrodes est traitée a I'aide d’un
revétement d’électrodes tel que du noir platine ou
du nitrure de titane pour accentuer des propriétés
de conduction et de dépolarisation de signal.

Dispositif selon la revendication 1 ou 2, dans lequel
ladite pluralité desdites électrodes incluent une con-
nexion de fil continu sans soudure ou liaisons sur la
surface d’électrodes.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel lesdites électrodes sont
ancrées dans le boitier, sans aucune liaison chimi-
que, dans une section enfoncée (496) du boitier.

Dispositif selon la revendication 4, dans lequel une
partie de ladite électrode qui est couverte par ladite
section enfoncée est minimale pour empécher des
excursions potentielles entrainées par un fluage de
fluide ou par un gradient d’oxygene ou d’hydrogéne

piégé.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel lesdites électrodes in-
cluent un modeéle d’électrode enroulée (70, 71) dans
une configuration rectangulaire.

Dispositif selon 'une quelconque des revendications
1 a 5, dans lequel lesdites électrodes incluent une
électrode plaquée plate (68) encastrée dans un puits
dudit boitier enfoncé.

Dispositif selon la revendication 7, dans lequel ladite
électrode plaquée plate est stabilisée contre des per-
turbations potentielles électromagnétiques en struc-
turant le fond dudit boitier enfoncé doté d’'un motif
en structure quadrillée (66) avec des élévations et
des dépressions formées de maniére a avoir une
surface de contact minimale entre la plaque et le
polymere utilisés dans le boitier enfoncé.

Dispositif selon la revendication 8, dans lequel ladite
structure quadrillée supporte ladite électrode et per-
met un contact de fluide avec la face inférieure de
ladite surface d’électrodes.
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Dispositif selon la revendication 7, 8 ou 9, dans le-
quel un couvercle de protection (69a) est placé pour
permettre a un fluide d’entrer dans I'élément électri-
que actif, dans lequel ledit couvercle de protection
est placé par-dessus la section enfoncée contenant
ladite électrode plate.

Dispositif selon la revendication 10, dans lequel ledit
couvercle est structuré de maniére a appliquer une
pression sur ladite électrode pour appuyer contre
ledit fond texturé du boitier enfoncé afin d’'empécher
un mouvement de ladite électrode.

Dispositif selon la revendication 11, dans lequel ledit
couvercle est structuré pour amortir un mouvement
de fluide externe qui peut autrement atteindre ladite
électrode et entrainer une transition électrocinétique
ou électroconnectique.

Dispositif selon 'une quelconque des revendications
1 a5, dans lequel ladite électrode inclut une électro-
de d’enroulement en spirale (61).

Dispositif selon la revendication 13, dans lequel le
boitier inclut des parois dans lesquelles un liquide
organique est amené a s’écouler de sorte que le li-
quide organique est au-dessus et autour des élec-
trodes en spirale et est contenu dans le boitier par
un petit puits circonférentiel construit dans la base
dudit boitier enfoncé.

Dispositif selon la revendication 13 ou 14, dans le-
quel I'électrode en spirale inclut des enroulements
en spirale constitués de matériaux sélectionnés par-
mi le groupe comportant le platine, des alliages de
platine et un groupe de platine de métaux avec ou
sans composants d’alliage.

Dispositif selon la revendication 13, 14 ou 15, dans
lequel lesdites électrodes en spirale incluent un en-
roulement en spirale formant une extrémité proxima-
le d’un fil continu qui lorsqu'’il sort dudit boitier en-
foncé, estisolé pardes matériauxisolants tubulaires.

Dispositif selon la revendication 16, dans lequel ledit
matériau isolant tubulaire isolé pénétre dans des ca-
naux situés sur I'arc interne sur un encadrement con-
forme.

Dispositif selon la revendication 16, dans lequel une
extrémité distale dudit fil continu est soudée a un
ensemble de passage de connexion en contact avec
des amplificateurs dans un circuit de microproces-
seur.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel ladite surface d’électrodes
est traitée a I'aide d’'un revétement pour la protéger
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d’'une contamination durant la manipulation.

Dispositif selon la revendication 19, dans lequel ledit
revétement inclut des phosphates de sodium de
dexaméthasone pour assurer une protection pour
améliorer le mouillage de la surface d’électrodes
apres implantation.

Dispositif selon la revendication 20, dans lequel des
hydrogels conducteurs sont appliqués a ladite sur-
face d’électrodes pour la protéger d’une dégradation
pendant une manipulation et empécher une conta-
mination.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel un espacement desdites
électrodes autour dudit encadrement conforme four-
nit un espacement d’électrodes maximal.

Dispositif selon la revendication 22, dans lequel ledit
espacement maintient un signal moyen maximal en
utilisant deux vecteurs égaux.

Dispositif selon la revendication 23, dans lequel ledit
espacement desdits vecteurs égaux inclut un vec-
teur d’angle de 90°.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel ledit boitier enfoncé est
composé d’un polymeére.

10

15

20

25

30

35

40

45

50

55

12

22



EP 1 331 878 B1

PROGRAMMING | — 20
UNIT '

Figure 1

13



EP 1 331 878 B1

14

. .
N
B ) Lo
x - ; =VRING
: —» ARING
' .
- L= ATP
:l—sCASE
| | LEAD NTERFACE |_1-19
oo TRV ¥
. ‘ : '_/24
PACING s
26— OUTPUT || SENSE
: AMPLIFER] |
g0l cpu
CRYSTAL
CLOCK
1_28
30-
RAM/ROM
vo
BUS
34 _HTELEMETRY
: . 1
‘40

@_/"38
Figure 3

14



EP 1 331 878 B1

15



EP 1 331 878 B1

CRELISISICCTICSIBICID

16



EP 1 331 878 B1

Figure 6

17



EP 1 331 878 B1

1 @inBi4

6y

89

um
ae 4+ 299

N

99

L9

18



EP 1 331 878 B1

369

g ainbi4

)

eg9

19



EP 1 331 878 B1

72

\@3
=~

Figure 9

20



patsnap

ERATROF) ATFRNULEBESHE T BN
DF(RE)F EP1331878B1 DF(E)A 2006-11-22
HiFs EP2001977619 RiFH 2001-10-05

FRIRB(RFR)AGE) ERHILF
RF(EFR)AGE) EHNRF, INC.
HAREEANR)AGE) ZFEHDALF, INC.

PRI B A BRABEC SCOTT J
BRENNEN KENNETH R
SCHINDELDECKER WILLIAM
STROM JAMES

KA BRABEC, SCOTT, J.
BRENNEN, KENNETH, R.
SCHINDELDECKER, WILLIAM
STROM, JAMES

IPCH =S A61B5/0402 A61B5/00 A61B5/042 A61N1/05 A61B5/0408 A61B5/0478 A61B5/0492 A61N1/365
CPCH¥%(= A61B5/6852 A61B5/0031 A61B5/0422 A61B5/7207 A61B2562/043 A61N1/05

i 09/703152 2000-10-31 US

H AN FF 32k EP1331878A1

ShER4EE Espacenet

B2 PROGRAMMING | —_ 20

UNIT

AHEARERRAER TIRESRR , TR CENBES. FKTIREE
FIRfEBAR LI RA =N HENUIAN TP | FRRTAREERSE
Hged | FRRMTR S EIEANETT RENED ., BRBEEET
MANEERNBEE  ARNTEENRERNABNELERIOE
B ICE DI SRR . REERMEERLHN TR , HEMMAR
R O R R 4B AR o

A2

\

Figure 1


https://share-analytics.zhihuiya.com/view/17b1d2f8-9485-4c6f-9907-ffb84635cc62
https://worldwide.espacenet.com/patent/search/family/024824230/publication/EP1331878B1?q=EP1331878B1

