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SUBCUTANEQUS SPIRAL ELECTRODE FOR
SENSING ELECTRICAL SIGNALS OF THE HEART

FIELD OF THE INVENTION

The present inveation relates gencrally to implantable pacemakers and more particularly to
a subeutaneons clectrode nsed to sense, record, and acquire elecirocardiographic data and
waveform tracmgs from an implanted paceraker without the need for or use of surfacs
{skin} electrodes. More particelazly, the present mvertion relates (o spiral electrodes
placed into recesses incorporated within a compliant, insulative “surround.” Each spiral
electrode becomes an integral element of a Subcutaneous Eleetrods Armay or SEA that, in
furit, deteets cardia.c depolarizations communicable and displayable by a portable device

piogrammer.

BACKGROUND OF THE INVENTION

The electrocardiogram (EC(3) is commonly wsed in medicine to determine the staius of the
elecirios! conduction system of the human heatt. As practiced, an BCG vevording device
is tormmoenly attached to the patient via ECG leads conpected to pads axrayed on the
patient’s body 806 as to achieve a recording that displays the cardiac waveforms in any one
of 12 possible veotors.

Since the impiantation of the first cardiac pacemaker, impiantable medical device
technalogy has advanced with the development of sophistivated, progranmable cardise
pacemnalsers, paoemaker-vardioverter-defibrillator arrbrythmia contro] devices and drug
administration devices desigued to detect arhythanias a6 apply appropriate ferapios, The
detestion and discrimination beiween vaticus arthythmic episudes in order to tigper the
delivery of an appropriate therapy is of considerable interast. Prescription, for implantation
and programuming of the implanted device are based on the analysis of the PORST
slectrocardiogram (RCG) and the electrogram, (RGM). The waveforms are usually
sepatated for such analysis info 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 ooonmensve of the Prwave and R-wave, analysis of the rate, regularity, and

onset of vaziztions in the rate of rerutrence of the P-wave and R-wave, the morphology of
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the P-wave and R-wave and the diuection of propagation of the depolanzation represented
by the P-wave agd R-wave fit the heact. The defection, analysis and storage of such BGM
data within implanted medical devices are well known in the art. Acquisition end use of
ECG tracing(s), on the other band, has generally been limited to the use of an external
ECG recording machine attached o the patient via surlice electrodes of one sort or
another.

The aforementioned ECG systerms that milize detection and analysis of the PORST
complex are all dependent upon the spatial erientation and number of clectrodes availabls
near or atound the heart to pick up the depolarization wave fromt.

As the functional sophistication and complexity of implantable medical devics
systems increased over the years, it has become increasingly more important for such
systems to include 2 syster for facilitating comununication hetween one implanted device
and another implanted device and’or an externa) device, for example, a programming
consele, tnonitoring system, or the like. For diagnostic purposss, it s desirable that the
irnplanted device be able to communicate information regarding the device's operational
status and the patient's condition to the physician or chimician. Staie of the art implantablc
devices are availabie which cen cven transmit a digitized electrical signal to display
dlectrical cardiac activity (z.g., an ECG, EGM, or the like) {or storage and/or analysis by
an exiernal device, The surface ECG, however, has remamed the siandard diagnostic tool
since the very beginning of pacing ad romains so today.

To diagniose and measire cardiac events, the cardiclogist has several tools from which to
choose. Such tools include twelve-lead electrocardiograms, exercise slress
clectrocardiograms, Holter monitoring, radivisorepe inaging, cotonary angiography,
myncardial biopsy, and blood serum envyme tests. Of these, the nvelve-lead
elecirocardiagram [HCG) is generally the first procedure used to determine cardiac status
prior to implanting 2 pacing aystem; thereatter, the physician will normally ose an BCG
available through the programmer io check the pacemaker’s efficacy after implantation.
Such BOG fraciogs are placed into the patisnt’s records and used for comparizon to more
recent Irecings. It must be noted, however, that whenever ar ECG recording is reqaired
{wheliher tbrough a direct connection 1o an FCG recording deviee or to a pasemaker

programmer), external elsctrodes and [eads ranst be used.
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Unferhimately, surface electrodes have some serious drawbacks. For example,
elecitecardiogram analysis performed using existing external or body surface BCG
systems can be limited by mechanieal problems and poor signal quality. Electrodes
artached externally to the bady ate a majer source of sigmal quality problems and analysis
errors because of susceptibilily ® interfrence such as rouscls noise, power line
mterference, high frequency communication equipment interference, and baselins shidt
feom respiration. Signal degradation also ocours due to vontact problems, ECG waveform
artifacts, and patient discomfort, Externalhy attached electrodes ave subject to motion
artifscts frora positional changes and the relatrve displacement between the skin and the
electrodes. Furthermore, externzl elecirodes require spacial skin preparation lo ensure
adequate elestricel contact. Such preparation, along with positioning the slectrede and
atiachment of the ECG lead to the electrode necdlessty prolongs the pacemaker follow-up
scssion. One posgible approach. is 10 equip the jmplanted pacemaker with the abifity io
defect cardinc signals and transform them into a tracing that is the same a5 or comparable
1o racings obtainable via ECG leads attached ta surface slectrodes.

1t is known in the art 10 mowitor elestrical activity of the buman heart for diagnostic and
related medical purposcs. 15.5. Pat Ne. 4,623,565 issued to Ohlsson describes cirouitry for
1ecording EC(G signals from multiple lead inpurs. Similarly, U.8. Pat. No. 4,263,919
issued to Levin, U.8. Pat. No. 4,170,227 issued to Feldman, ei al, and 1.5, Pat. No.
4,593,702 Issued to Kepsld, ef al, deseribe multiple electrode systems that combine surface
EK( siguals for artitact rejoction.

The primary use fur muliiple electrode systems in the prior art appears to be vecter
cardiography Gom FCG gignals taken from muliiple chest and linth electrodes. This isa
technique whereby the direction of depolanzation of the hearl is aronitored, as well as the
amplitede. 1.8, Pat. No. 4,121,576 issued to Greensite discusses such a systen,
Numerous body surface ECG monitoring electmode syswems bave been employed in the
past in detscting the ¥OG and conducting veetor cardiopraphic studies. For example, T8,
Fat. Mo. 4,052,086 issued to Page, ct al., discloses a four electrode orfhogonal array that
may be applied to the patieni's gkin Toth for couvenience and to ensus e precise
orientation of oz sleclrode 1o the ofher. 115, Pat. No. 2,983,867 issued to Case doscribes
a vector cardiography systcl.n employing ECG electrodes disposed on the patient in normisl
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locations and a bex axial reference system orfhogonal display for displayiog ECG signals
of voltage versus time generated across sampled bipolar electrode pairs.

TU.8. Pat, No. 4,310,000 to Lindemans and U.5. Pal Noy. 4,729,376 and 4,674,508 to
DeCote, incorporated herein by reference, disclose the use uf 2 separate passive sensing
refercnce clectrode mounied on the pacemaker commector block or otherwise insulated
from the pacemaker case in order to provide a sensing referencs elecirode that is not part
of the stimulation reterence elecitode and thus does not have residual after-potentials at its
surface following delivery of a stimulation pulse.

Moreover, in regard to subcutanecusly inplanted EGM electrodes, the aforementioned
Lindemans U.5. Pat. No. 4,310,000 discloses ane or morse refmence scnsing electrode
positioned om the surface of the pacemakor case as deseribed above, 17.5. Paf. No.
4,313,443 jysucd to Lund describes a subentancously implanted electrode or elecirndes for
use n monitoring the ECG.

U5, Pat. Mo, 5,331,966 to Benmedt, incorpoerated herein by reference, discloses a
methiod and appamaius for providing an enhanced eapability of detecting and gathering
electrical cardize signals via an amay of relatively clogely spaced subcutaneous electrodes
(located on the bedy of an implanted device).

Patent application No 30X, “Surround Shrond Connector And Electrode Housings
Far A Subeutaneous Electrode Array And TLeadless ECGs,” by Ceballos cf al,
incorporated horein by reference, discloses an apporatus for providing a compliant
surround eircurnferentially placed around the pacemaker s perimeier and equipped wilh
recesses for vations types of electrudes used to defect catdiac dopolacization waves. It is

in conjupetion with this compliant shroud hat the present invention is practiced.

SIMMARY OF THE INVENTION

The prosent mvention encompasses a Subsutaneons Llectrads Spiral, Spiral
Blestrode, as a proferred embodiment, that is embedded individually into three or four
recessed cusings placed in 2 compliani surroand that is attached to the perimeter of an
frplanied pacemaker. Those electrodes are electrically conneoted to the cireuitry of the
implanted pacemaker and detect cardizc depolarization waveforms displayable as

electrocardiograpbic tracings on the pacemaker Programmer screen when the
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programing head s positioned above an implanted pacemaker (or ather implanted
deviee) s cquipped with a leadicss Subcutancous Electrede Amay (SEA).

The recessed casing is composed of a polymer. This casing has walls into which
body tluid is allowed to flow s that the body fluid is ahove and around the epirel, apiral
coil, which is maintained within the casing by a small circurnfersntial well constructed
into the base of the rocessed casing. The spiral coil may he constructed from any of the
titaninm group of metals, as well as platinum, platinum alloys, or any of the platinum
yroup of metals with or without alloying components. This spiral coil constitules the
proximal end of a continuous wire that, upon egress from the recessed casing, is insulated
by tubular, nsulative material such as silicone. The insvlated tubular witing fits into
chamnel(s) located on the inner arc of the aforementioned compliant surround. The distal
end of this wirs is welded to a connector feedthrough assembly in contact with
emplifier(s) in the microprocessor circuitry.

“I'he present invention is designed fo solve several problems that may he
encountered in the use of subcutaneous electrodes generally. The cleetrical potenrials
from the cauizc depalarizations are very small, in the order of tens of microvolts. As a
resuly, the signal that reaches the clectrodes may have a low slew rate. Solid, plate
clectrodes exhibit noise epikes and potential drifts that arc large in comparison to the
cardiac signals. These plate elestrodes themselves may be the majer contributors o such
noise. Contamination of electrode surfaces at the molecular level may canse extrancous
voltags excursions lavge enough to interfere with the scosing function. Meotion artifacts
from the periurbation causcd by fluid or tissue motion next ki the surface has been
demonstrated in tank tesis, and represents a commonly observed pheactenon.

The present invention, in its preferred embodiment, sohves these issoeys I that it is
a spiral, subcuteneous clectrods that can be attached to a pulse penerator via a compliant
surround and provide a zeliable response. The elecirode has a large surface area, is
manufactured from low cost materials, and can he assembled in an nexpensive way. The
surfacc of the electreds has no divect sontact with body tissue and moving body fluids, but
it is treated with electrede cortinge such as platinun black or titanium nitride to cnhance
its signal-conducting and depolarization propettics. Such enbhancing coatings are
important since, ¢ timé passes, the pacemaker and, with if, the clectredes become

JP 2004-512126 A 2004.4.22
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encapsulnted in scar tizsuc and thus come inlo indirect contact with the body tissee. Even
indiract tissue contact may have a damping effect on the detection ability of the electrode
if nat treated with enhancing coatings. ’

The elecirode, as designed, affords a contimious wire cotmection, without weld or bonds
on the electrode surface. Moreover, the electrode is anchored in the device free of any
chemical bonding that might cause pofentiul exuursions due to clectro astive specics being
released fo the electrode surface. The portion of the electrede covered by the recessed
casing is minimal therehy proventing any potential cxcursions caused by fluid sreep or by
trapped oxygen ot hydrogen gradients, or P, gradients. A second embodiment of the
pregent invention cmploys a cuiled elevirode design that is mannfactured in & rectanguiar
configuratdon. This elecirnde has all the same electrical and signal detection properties as
(be spital elestrode and is constmcted of the same materials and has the same enhancing
coafings.

A third embodiment of the present invention uscs a flat plated clocirods embedded
within the well of the recessed easing. Te mechanically stabilize the electrods and reduce
the possibility of eleciro kinetio potential disturbances on the electrode {due to tissue of
fluid ration artitact), the bottom of the recess or well is patfemed wilk a cross hatch of
elevations and depressions with 2 minimum of contaci arga telween the plate and the
polymert used in the recessed casing. The purpose of the crosshatch 15 to support the
elestrade and provide Auid contact te the waderside of the electrede interface.

A protective cap, verted to alow fuid inpress to the active electrode eloment, aay
be placed over the well containing fhe fiat clectrode. This cap applies pressure on the
elecrode, pressimg it against the textured boitorn of ihe recess or well, thus preventing
motion of the electrode. This cap also serves io dampen any cxicrnal fluid motion that
might otherwise reach the elecirode and cause electro kinetio potential transients.

‘Ihe electrodes” surfaces require profection duging hendling as well as fo prevent
contamination. A cogting, such as may be provided by Dexamethazonc Sodfum
Phosphate, provides snch protection as well as enhancing the wetting of the electrode
surface after implant. Conductive hydro pels, npplied wet and allowed fo dry, may afso be
applied 10 the electrode surfaces 10 protevi thern from damage during handling and prevent

confatination,
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The spacing of the slectrodes in the present invention around the compliant surround
provides maximal electrode spacing and, at the same time, appropriate insulition foom fhe
pucemaker casing dus ta the insulative properties of the surmound and the cup Tecesscs into
wihich the electrodes are placed. The positioning maintzins a maximum and equal disince
between the electrode pairs. Such spacing with the four-clecirode embodiment maintains
the maximom average signal duc to fhe fact that the spacing of the twa vectors is equal
aud the angle between these vectors is 90, es is shown in mathematical modeling. Such
arthogonal spacing of the electrade pairy also minimizes signal variation. An alicrnate
threc-clectrade enbadiment has the slectrodes amanged within the shroud in az equilateral
iriangle along the perimeter of the implanied pacemaker. Vectors in (his ombodiment can
b combioed ko provide adequate sensing of cerdiac signals (ECGs).

The present invention alfows the physician or medical technician fo perforrn leadless
foliow-up that, i furn, climinates the lime it lakes (o atfach external leads to the patient.
Such timesavings can reduce the cost of fallovr-up, as well as making it possible for the
physician or medical technician fo see moze patients during each day. Though not limited
0 these, other uses imelude: Holter monitarng with event storage, arrhythmia detection
and monitoring, caplure detectinn, ischemiz detection and monitoring (3-T elevation and

suppression on the ECG), changes 1 QT inferval, and transtelepbonic monitoring.

‘BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an fllustration of 2 body-implanmble device system in aceotdance with
the present invention, including & hermelically sexled device fimplanted in & patient and un.
external programning unit.

FIG. 2 is a perspective view of the external programming it of FIG. 1.

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

FIG. 4 is a sectional vicw of surround shroud displaying elecixical conmections of
the electrodes to the bybrid circuitry.
FIG. 5 is a cross sectional view of a spiral coil, which js ane embodiment of ru clectrode
practiced in the present invention.
TIG. ¢ s a cross sectional view of spira] coil housed in & well at the base of a rocessad

caging.
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T3, 7 s a cross ssctional view of a recessed cep that employs a oross hatch of elevations
ansd depressions i the well at the base of the cup.

FIG. 8 Is a cross sectional view of a vented protective eap fitting over and into the
recegsed cup.

FIG.9 i a cross sectiona] view of rectangular coil elcctrodes.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. | is an iTustration of an inplantable medical device system adapled [or nsc in
accomance with (he prevent invention. The medical device system shown in FIG. 1
includss an inplaniable device 10a pacemaker in this embodimentwhich has been
implanted in a patient 12. In accordance with conventional practice in the art, pacemaker
111 s housed within 2 hemuetically sealed, biologically inert outer casing, which may itself
be conductive $o s to scrve as an indiffereit cleetrode in the pacemaker'’s pacing/sensing
cioauit. Do oF niore pacemaker Jeads, colleclively identified with reference numeral 14 in
FIG. 1 are electrivally coupled to pacemaker 10 in a copventional manner and extend into
the patient's heart 15 via a vein 18, Disposed generally near the distal end of keads 14 are
one or morc expescd conductive electrodes for receiving clectrical cardiuc signals andfor
for delivering electrical pacing stimuli to heart 16. As will be appreciated by those of
ordinary skill in the ort, Jeads 14 may be impianted with its digtal end situated jn the
atriym andfor ventricle of heart 16.

Although the present invention will be deseribed hercin in one cmbadiment which
includes a pacemaker, those of ordinary skill in the art having the benefit of the present
dizclosure will appreeiate that the present invention may be advantageously practiced in
comrection with numerous ofher types of implantable medical device systems, and indeed
in any application m which it is desireble to provide a communivation link belween twa
physicaily separaled compouents.

Also dopicted in FIG. 1 is an externa prograroming unit 20 for non-invasive
communicition with inplanted device 10 via uplink and downlink communication
chammels, to be hereinafter described o further detail, Associated with programming unit
20 is a programming head 22, in accordance with conventional medical device

programniing systems, for facilitating two-way communication between implanted device

JP 2004-512126 A 2004.4.22
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10 und progremmer 20. In many Jmovwn implantable device systems, a programoning head
such as that depicted in FIG. 1 is positioned on the patient's body over the implant site off
the device (usnally within 2- to }-inches of sidn contact), such that onc or more antennac
within the head can send RY' signals to, and receiva BRI signals from, an antenna disposert
within the hermetic exclosure of the implanted device or disposcd within the connector
block of the device, in accordance with conunon practice in the art.

In FIG. 2, there is shown a perspective view of programming unit 20 in accordance
with the prasently disclosed invention. Internally, programumer 20 includes a processing
unit (not showrr in the Figures) that in accordance with the presently disclosed invention is
a parsonal computer type motherbogrd, &.2., a cornputer motberhinard suchuding an Intel
Pentium 3 microproccssor &nd related efreuitry such as digital memory. The details of
design and operation of the programmaer's computer system will not be set forth m detail in
the present disclogure, as it js believed that such details are well-known to those of
ordinary skill in the art.

Referring to FIG. 2, programmer 20 comprises an outer housing 60, which is
preferably made of thermal plastic or another suitably rugged yet relatively lght-wcight
material. A carrying handle, designated generally as 62 in FIG. 2, is imegrally formed into
the front of housing 60. With handle 62, programmer 20 can be carried bke 8 briefcase,

An artienlating display screen 64 is disposed on the upper surface of housing 60.
Display screen 64 folds down into & closed posilion (mot shown) when progeaonter 20 is
nol in use, thereby reducing the sive of programmer 20 and protecting the display surface
of display 64 during traneportation-and storage thexeof!

A floppy drsk drive is dispesed within housing 60 end is acgessible via a disk.
insertion slat (ot shown). A hard disk drive is 2lse dispesed within housing 60, and it is
conrtemplated that a hard disk drive aotvity indicaror, (e.g., an LED, not shown) could be
provided to give a visible indication ef hard disk activation.

As would be appreciated by those of crdinary skiil in the &, it is often desirable to
provide a means for determining the status of the patisnt’s conduction system. Normally,
proprammer 24 i equipped with extemal ECG leads 24, 1t is thess leads which are

rendered redundant by the present invention
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In acoordance with the present invention, programmer 20 is equipped with an
intermal printzr {not show) so that o hard copy of 2 patient's ECG or of graphics displayed
on the programmer’'s display scrcen 64 can be generated. Several types of printers, such as
the AR-100 printer avajlable from General Scanning Co., are known and commercialty
available.

In the perspective view of FIG. 2, programmer 20 is shown with articulating
display scieen 64 having been lifted up into one of & plurality of possible open positions
such that the display area lbereof is visible Lo a user situsted in front of programmer 24
Articulating dispiay screen is preferably of the LCD or eleciro-lumincscent type,
characterized by being relatively fun as compared, for example, a cathode ray tube (CRT)
of the like.

As would be appreciated by those of ardinary ekill in the axt, display sercen 64 i
nperatively coupled to the computer circuity dispessd within housing 60 and is adapted w
provide a visnal display of grapivics and/er data undex control of the internal conyputer.

Programmer 20 described herein with reference to FIG. 2 is described in more
detail tn U.5. Pat. No. 5,345,362 issued to Thomas J. Winkler, entifled "Portable
Compuler Apparatus With Articulating Display Parcl," which pateni is heeby
incorporated hersin by reference in its entirety. The Medtronic Modsl 9790 programmer
is the implantabie device-programming vnit with which the present invention may be
advantageously practiced.

FIG. 3 is a block diagram of the elestronic cirouitry that makes np pulse generator 10 in
accordance with the presently disclosed inventiom. As can be scen. from FIG. 3, pacomaker
1% coraprises 2 primary stimulasion conirol cireuit 20 for conzalling the device's pasing
and sensing fimctions. The circuitry associzted with stimulation conirol circuit 20 may be
of conventional design, in accordance, for example, with what is disclosed Pat No,
5,052,384 issusd to Sivula et al,, “Metkod and apparaius for implementing activity sensing
in a pulse generator.” To the <xtent that certain compouents of pulse generutor 11 are
canventional in thetr design and operation, such compenents will not be described herein
in detail, as it is belicved that design and implementation of such components would be 2
matter of toutine 10 these of oxdinary skill in the art. For example, stimmulation contrel
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citeuit 20 in FIG. 3 includes sense amplifier circuitry 24, stimulating pulse oufput sircujtry
26, a crystal clock 23, a random-access memory and read-only memory (RAM/ROM} unit
30, and a ceniral processing unit (CPUY 32, all of which are well-known in the art.

Pacemaker 10 aiso includes internal cor icetion citewit 34 so that it is capable

commuicating with extemal programmer/conirol unit 20, as deseribed in Fig. 2 in greater
detail.

With continued reference to FIG. 3, pulse generator 19 is coupled to one or more
leads 14 which, when implanted, extend transvenousky between the implant sitc of pulse
generator 10 and the patient's heart 16, as previonsly noted with refirence te FIG. 1.
Physically, the cormections between leads 14 and the varievs infernal components of pulse
generator 10 are facilitated by meang of & conventional connector block assembly L1,
shovm in FIG. 1. Electrically, the coupling of the conductors of leads and internul
elecirival components of pulse generatar 10 may be facilitated by means of a lead interface
circuit 19 which functions, in e mukiplexer-like mannet, to scicetively and dynamically
establish necessary connections between variovs conductors i leads 14, including, for
cxample, afrial tip and ring electrode canductors ATIP and ARING and venlricular tip and
ring elecirode conductors VTIR and VRING, and individeal clectrical components of
pulsc generator 19, 2s would be familiar to those of ordinary skill i the art. For the sake
of clarity, the specific councetions betweer leads 14 and the various components of pulse
generalor 10 are not showa in FIG. 3, althongh it will be clear to those of ordinary skill in
the art that, for example, leads 14 will necessarily bs conpled, <ither directly or indirectly.
to sense amplifier cireuitry 24 and stimmlating pulse cufput circuit 26, m accordance with
eommipn, practics, such that cardiac clectrical signals may be conveyed W sensing cicuitry
24, and such that stmulaling pulses may be delivered o cardiac tissue, via lsads 14. Also
not shown én FIG. 3 i the protection circuitey comruanty mncluded in implanted devices to
protect, for exanmple, the sensing cirewiiry of the device from high voltage stimulating
pulses.

As previousiy noted, stimulation centrol cireitit 20 includes central processing unit
32 which may Le an off-the-shelf programmabiks oricroprocessor ot muiero comtroller, but in
the present invention is a custom integrated circuit. Although specific connections
between CPU 32 apd other componenits of stimwlation contre] circsit 20 are not shown in
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I1G. 3, it will be apparent to those of ordinary skill in the art that CPU 37 fimctions to
conhrel the timed opztation of stimulating pulse autput cirenit 26 and sense amplifier
circnit 24 wnder control of programming stored in RAM/ROM umit 30. It is behieved that
hose of ordinary skill in the art will be familiar with such an operative arrangement.

With continued reference to FIG. 3, crystal oseillator cireuit 28, in the presently
preferred smbadiment 2 32,768-Hz erystal controlled nscillater, provides main thning
clock signals to stammlation corizal cizeuit 20. Again, the ines over which such clocking
sigpals ars provided to the various timed components of pulse generator 10 {e.g.,
microprocessor 32} ate owitted from FIG. 3 for the sake of clarity.

Ttis to be understond that the various coraponents of pulse generator 10 depicted in
FIG. 3 are powered by means of a battery (pot shown) which is confained within the
hermetic enclosure of pacemaker 10, in accordance with common practice in the ast. For
the szke ol clarity in the Figures, the battery and the coanections between it and the other
components of pulse penerator 10 are ot showm.

Stimulatig pulse output circuit 26, which functions to generate cardise stimuti
undler control of signals issued by CPU 32, may b:., for example, of the type disclosed in
U.8. Pat. No. 4,476,468 to Thompson, entitled "Body Stirmlator Ontpat Cirenit," which
patent is hereby incarporated by reference hercin in its entiroty. Again, however, it is
believed that those of ordinary skill in the art could select from among many varieus types
of pricr urt pacing owput circuits fhat would be suitable for the purposes of practicing the
presen jovention.

Sense amplifier circait 24, which is of conventional design, functions to Teoeive
elecirical cardiac signals from leads 14 and to process such signals to derive cvent signals
reflecting the occurrence of specific cardiae electrical events, including atrial contractions
(P-waves) and ventricular contractions (R-waves). CFU provides these event-fndicating
signals o CPTT 32 for use in controlling the synchronous stimulating operations of pulse
generator 10 in acoordance with common practice in the art. In addition, these eveut-
indicating signals may be communicated, via upliok transmission, to exiernal
programming unit 20 for viswal display to & physician o clinician.

“Those of ordinary skill in the art will appreciate that pecemakes 10 may include
rinerons other companents and subsystems, for example, aclivity sensors aud associated
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cizeaitey. The presance or absence of such edditionat components in paceraaker 10,
bowever, is ntot believed to be pertinent to the present invention, which relates printarily to
the implementation and operation of commupicaton subsysiem 34 in pacemaker 10, md
a1 asgociated cormunication subsysten: in extermal unit 20,

I'IG. 4 is a sectional view of surround shroud 48 displaying electrical connections of the
clecirodes to the hybrid circuitty surrovnded by msulators 43. Surround displays recessed
cups 49b and elestrical contacts 49a all of which are connected to the hybrid cirenitry (not
shawn) via tubular wiring 53. Tubular wiring 53 is welded to feedthrough contacts 52
Jacated on upper portion of the board helding the hybrid circuitry, Other contacts 64
slectrically comect the atrial and ventricular pacing lead tip and ring to the hybrid
clreuitry.

FIG. 5 is a czoss sectional view of spiral coil 61, which is the preforred
embodiment of an electrode practiced in the present invention. Spital coil 61 consists 0f a
wire of titanium or any of the fitaninm group of metals, platinun, platinum alloy, or any
platinum group of mefals whose sucface may be treated by sputtering, platinization, jon
willing, sintering, etching, or & combination of these processes to create a largs specific
surface area. Spiral coil 6la iz desipned 1o {it inie recessed well 49¢ {sec FIG. 6), within
which spital coil 618 rests, The prohuding end of spiral coil &1c¢ is manufactured
continuous with twbular winng 53 {see F1G. 6). The une-piece continuens design
eliminates an additional weld or connection af the actual clecwrode. The elimination of the
weld in this area is significaat, because it eradicates the possibility of two disstoilar
metals interacting within the ionic environment 2nd adding an erroneous sigoal to the
systenl. Remeving the weld also eliminates any inlermetalics formed during the weld,

FIG. 6 is & cross sectional view of spiral coil 61 fitted into well 49¢ at the base of
recessed cup 49k that is fitted into compliant shraud 48 (see FIG 4). Thin film coatings
via sputtering (porous TiN), platinization {plaimum black), or applications of RuG, ion
milling, sintering, ctehing, or s combination of these processes to create 2 large specific
surface avea may be used to treat fhe surface of spival coil wire 61. Larger surface arcas
decrease the interfacial impedance, thereby allowmg lower impedances at lower

frequencies, theceby increase the signal-to-voisc ratio. Wire is manufactured of any of the
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titantutn group of metals, 4s well as platinur, platinum alley, or any of the platinum group
ot metals, with or without alloying companents.

The spaces atound spiral ol §1 allow body fiwd we flow acourd, betwesn, and below the
metaf coils. Body fluids have conductive properties that allow cardiac depolarization
waves to reach spiral electrode 61. The depolarization waves ave detected as changes in
clectrical petential and ransmitted via continuous tubylar wire protected by insulator 63 as
wire oxiis well 49¢. Tuwbnlar material 53 keeps the wirc insulated from other electrical
patentials and protects the contituons wire. This continuous, conductive wire carries the.
sipnal(s) to the ampiifier(s), hybrid circuitry, and micreprocessor for processing and
conversion into ECG tracings thet may he prinicd by e priuter located In programoeer 20
{sce FIGG. 2). Compliant shroud 48 (gee FIG. 4) serves to maintain. the recessed cup in
position relative to oiher coils which spacing is required for ovthogonal or equituteral
defection of the cardiae depolarization waves.

T1G. 7 is u cross sectionz] view of a recessed cup that employs & crosshateh of
elevations and depressions 66 1 well 49¢ at basc of recessed cnp 49b. These slevations
and depressions are coatingaus with thie polymer nsed in the recessed up and well. An
altemmative electrode embodiment, which may be used with the crosshatched base, employs
a thin, solid, spherical clectrode 68 that liss on top of crosshatch 66. Viewed from above,
crogshateh 67 would appear as shown. Viewed again from above, individual elevations
66a appear as shown on the insel deawing. Turning again to the erosshaich, elevations and
depressions b6 mechameally stabilize the electrode and reduce the possilnlity of electro
Kinetic potential disturbances on the electrode {tissue or (luid mation arfilact). The patlern
of crusshatched elevations and depressions provide & minimuwm contact arca between the
wirs and the polymer used to form the recersed cup 49k and well 49¢, The putpese of the
crosshatch is to support elecfrode 68 while providing fluid confact around, between, and
helow underside of elecirode. Body fluids have conductive properties that allow cardisc
depolarization waves to reach elecirade 68. Since thin, selid, spherical elcctrede 68 fs not
contiouous with tubnlar wiring 53, small meta] plate 65 bonded or welded to tubular
wiring 33is welded to underside of electrods 68.

Cardiac dopolarization waves are dotected as changes in elecirical potential and

transmitied via continuons tubular wire protected by insulaior 63 as wire exits well 49c. A
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tubular material 53 that keeps the wire insulared from other electrical potentials then
protects the continunus wire, This conductive wite carries the signal(s) to the ansplifiex(s},
frybrid circuitry, and microprocesser for proccssmg and eonversion inte BCG tracings that
are printed by the printer Tocated in programumer 20 (FIG, 2). Compliant shroud 48 {sce
FIG. 4) serves to maintain the recessed cop in position relative {o other coils which
spacing is required for orthogonal or equilateral detection of the cardiac depalarization
waves.

FIG. 8 is a cross scctional view of veuted protective sap (92 fitted over and inta
recessed cup 49b. Protective cap 60a is vented to allow fluid ingress to the active
eleptrode element and is placed over the well §9¢ containing sctive electrode 68, This cap
slides into recessed oup 49h, contacts electrode 68 and applies pressure 70 on the
elecicode, pressing it against the crosshatched hottorn 66 of well 49, thus preventing
maotion ot the clectrode. The cap, constructed of @ polymer such as urethane, also scrves
to dampen any external fluid motion that might otherwise teach the active element and
cause elecire kinetic potential transients. A, preferred design for the openings in tie cap is
one in which the suppart elements all mn perpendicular to the elaments of the coiled wire,
1.6, radially as shown in the drawing 69a.

The ribs in cross section 69b aze rounded on top to eliminatc shacp edges,
presenting 2 smooth appearavce. The outer diameter of the profoctive cap is sized to
provide a sliding fit 69¢ into the well comtaining the electrode. The profechive cap may
tuen be honded to the wall of the recessed casing 45h with a suitable bonding agent. The
cap and the electrade well must zccommadate the wiee 53 Teading to the hybrid vireuity.
A small opening in the skde of the recessed casiag serves o carcy wbular wire from
eleetrode to fybrid circnitry. Tuswlator 63 serves as anchor for wire 53 while the bonding
material to small metal plate 65 serves as 2 seal.

FI. 9 showsg a crnss sectional view of rectangular coil electiode 7 and 71, as well as a
perspective view 72 of the same electrode which s an allernative cabadiment of the
prorent invention. Rectangular coil 70 consists of 2 wire of tilaniym or any of the titanium
grovp of metals, platinum, platinum alioy, or any platinum group of metels whose surface
may be treated by sputtering, platinization, ion milling, sintering, etching, ot
covibination af these processes te create 8 Jarge spccj.ﬁé sutface arca. Reclangular coil 70
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is desipned to fit into a reotangular recessed well 42¢ (modified fiom thai shown in FIG.
6), within which rectangylar coil 7] rests. The prmiding end of rectanprlar coil 70a is
manfaciured conbmucus with tubular wring 53 (see FIG. 6). The ene-piccs continuous
degign elimdbates an additions] weld or conncetion at the actval ¢lectrode. The
climinaticn of the weld in this arca is significant, because it eradicates the possibility of
two dissimilar metals interacting within fbe lonic enviconment and adding an erraneous
signal to the system. Remaving the weld also eliminatcs any intermetalics formed during
the weld.

While patticular embodiments of the present jnvention have been shown and
described, moedifications may be made, and it is theretore infended in the appended claims
1o cover all such changes and modifications that fall withir the touc spirit and scope of the

mvention.
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CLATMS
1. An implantable electrocardicgiaphic data collection system for recording

clectrocardiographic data, the systermn comprising:

4 hermeticelly sealed case;

a pluratity of subcutanecus spital electrodes forming an array, mounted i a
recessed casing formed about 2 periphery surface of the case; and
signnl processing circuitry inside the case coupled Lo the electrades viz a conpector

fedthrough assembly in contact with amplifiers in s microprogessor cireufiry.

2. The system of claim | wherein said ceoessed casing is composed of a polymer.

3 The system of claim 2 wherein the case includes walls into which body flued is
allowed to flow so that the body fluid s above and around the spival elecitodes and is
contained in the casing by a small circumferential well constructed into the hase of said

recessed casing.

4. The syatam according to claim 3 wherein the spiral electrodes include spiral coils
consigting of materials selected from the group of platinum, platinum alloys and platinem

group of metals with er without alloy camponents.

3 The system according to claim 3 wharein said spival electrodes include a spiral cofl
forming a praxamal end of a coniinueus wire that wpon cgress from said tecessed casing, is

insulated by tbulay insulative materials,

6. The system according te claim § wherein said insulated tubular insulative material

feeds into channels located om the inner #r¢ on a sompliant surround.
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7. The system according to claim 5 wherein 2 distal ¢ud of said continuous wirs is
welded to connector fesdthrough assembly in contact with amplifiers in a microprocesser
SECTEtALY.

.

) Appamatag for leadless acquistion of el aphic date vaing an amay of

subcutancous spiral elzcirodes to detest cardiar depolarization signals that are very small,
and sigaals with Jow slew vates, the system comprising:
a hevmetically sealed case;
a plurality of spiral subcutaneous electrodes attnched to a pulse generator by a
complinnt surround, mounted in the periphery surface of the case; and
signal processing oizouifry inside the case and locirically eoupled to the pluratity of
electrodes te detect candiac signals and pravide slectrocardiographic data.

LR The apparatus of claim 8 wherein the surface of suid plirality of spiral clestrodes is
isalated fiom direct contact with bady tissbe and moving body fluids.

10, Theappatatus of claim 9 wherein said surface of said elecirodes is treated with
eleatrade coating such as platinum black or titunium nitride to enhance signal conducting

and depolarixation propertics.

11, The apparstus of claim 9 whergin said plurality of said electrodes include 2
continnous wire conpeetion witkout weld or bunds 6a the electrode surfrce.
12.  The plurality of electrodes of claim @ wherein said electrodes are anchored in the

case, free of any chemical bonding, in a recessed section of the case.

13, Theappataius of ciaim 12 wherin a pertion of said electiode that s sovered by
said recessed section is minimal to prevent potential excursioms caused by fluid crecp or

by trapped oxygen or hydrogen gradient.

4.  The apparatug of elaim § wherein said clectrodes metude a coiled electzode desien

in a rectangular configuration.
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15, The apparatus of clait 9 whersin said elecirodes include a flat plated electrode

embedded within & well of said recessed casing.

16, The apparatus of claim 15 wherein said flat plated elecirode is rtabilized agaiost
clectromagnetic potential disturbances by structuring the boitem of said recessed casing
pettzmed with a cross-hatch structure with elevations and depressions fonmed to have a

minimum coatecl arva belvwean th plate and the polymer used in the Teccssed casing,

17.  The apparatns of clait 16 wherein suid ¢ross-haich stucture suppetts said

electrode and enables fluid contzet with the underside of satd lectrode surface.

18, Apparatus of claim 9 wherein a protective cap is placed to allow finid to ingresy to
the active eleciric element wherein said protective cap is placed over the 1scessed section

containing said flat electrode,

18, The apparetus of claim 18 wherein said eap is struclured 10 apply pressure on said
electrade for pressing against said textured bottom of the recessed casing fo prevent
motion of seid elecirode.

20.  The spparatus of claim 19 whercin said cap is sioeinred to dampen exiernal flaid

motion that migit otherwise reack said elecwode and canse eleemoconmetic transience.

21 The apparatus of claim $ wherein said clectrode surface is ireated with z coating to

proteet from contamination during handling.

32 The appamatns of claim 21 wherein said coaiing includes dexametiasone sodinm
phosphatos to provide proieciion t eshance the wetting of tho elestrode surface after
implant.

23, The apparatus of claim 22 wherein conductive iydro gels are applisd to said

electrode suriace to protect from damags during bendling and prevent coitaminatiosn.
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24.  The apperatus of claim § wherein 2 spacing of said electrodes ayound a compliant

surround provides maximum clectrods spacing.

25.  The apparatus of claim 24 wherein snid spacing maintaing a maximum averzge

signal using two equal vectors.

26.  The apparatus of claim 25 whetein said spacing of said equal veciors includes a

509 angle vector.
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