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SUBCUTANEOUS CARDIAC STIMULATOR 
DEVICE HAVING AN ANTERIORLY POSITIONED 

ELECTRODE 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of co 
pending application Ser. No. 10/011,956, ?led on Nov. 5, 
2001, entitled Flexible Subcutaneous Implantable Cardio 
verter-De?brillator Which is a continuation-in-part of co 
pending application Ser. No. 09/940,599, ?led on Aug. 27, 
2001, entitled Canister Design for Implantable Cardioverter 
De?brillators, noW Which is a continuation-in-part 
of co-pending application Ser. No. 09/663,607, ?led on Sep. 
18, 2000, entitled Unitary Subcutaneous Only Implantable 
Cardioverter De?brillator and Optional Pacer, noW 

FIELD OF THE INVENTION 

[0002] The present invention relates to a device and 
method for performing electrical cardiac stimulation, includ 
ing: cardioversion, de?brillation and, optionally, pacing of 
the heart using subcutaneous electrodes. More speci?cally, 
the present invention relates to implantable cardioverter 
de?brillator having at least one subcutaneous electrode, 
Wherein the electrode is positioned generally in the frontal 
portion of the thorax, thereby creating a substantially uni 
form electric ?eld across a patient’s heart. 

BACKGROUND OF THE INVENTION 

[0003] The heart is a mechanical pump that is stimulated 
by electrical impulses. The mechanical action of the heart 
results in blood ?oW through a person’s body. During a 
normal heartbeat, the right atrium (RA) of the heart ?lls With 
blood from veins Within the body. The RA then contracts and 
blood is moved into the heart’s right ventricle (RV). When 
the RV contracts, blood held Within the RV is then pumped 
into the lungs. Blood returning from the lungs moves into 
the heart’s left atrium and, after LA contraction, is 
pumped into the heart’s left ventricle (LV). Finally, With the 
contraction of the left ventricle, blood from the LV is 
pumped throughout the body. Four heart valves keep the 
blood ?oWing in the proper directions during this process. 

[0004] The electrical signal that drives the heart’s 
mechanical contraction starts in the sino-atrial node (SA 
node). The SA node is a collection of specialiZed heart cells 
in the right atrium that automatically depolariZe (change 
their potential). The depolariZation Wavefront that emanates 
from the SA node passes across all the cells of both atria and 
results in the heart’s atrial contractions. When the advancing 
Wavefront reaches the atrial-ventricular (AV node), it is 
delayed so that the contracting atria have time to ?ll the 
ventricles. The depolariZing Wavefront then passes across 
the ventricles, causing them to contract and to pump blood 
to the lungs and body. This electrical activity occurs 
approximately 72 times a minute in a normal individual and 
is called normal sinus rhythm. 

[0005] Abnormal electrical conditions can occur that can 
cause the heart to beat irregularly; these irregular beats are 
knoWn as cardiac arrhythmias. Cardiac arrhythmias fall into 
tWo broad categories: sloW heart beats or bradyarrhythmia 
and fast heart beats or tachyarrhythmia. These cardiac 
arrhythmias are clinically referred to as bradycardia and 
tachycardia, respectively. 
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[0006] Bradycardia often results from abnormal perfor 
mance of the AV node. During a bradycardial event, stimuli 
generated by the heart’s oWn natural pacemaker, the SA 
node, are improperly conducted to the rest of the heart’s 
conduction system. As a result, other stimuli are generated, 
although their intrinsic rate is beloW the SA node’s intrinsic 
rate. Clinical symptoms associated With bradycardia include 
lack of energy and diZZiness, among others. These clinical 
symptoms arise as a result of the heart beating more sloWly 
than usual. 

[0007] Bradycardia has been treated for years With 
implantable pacemakers. Their primary function is to moni 
tor the heart’s intrinsic rhythm and to generate a stimulus 
strong enough to initiate a cardiac contraction in the absence 
of the heart’s oWn intrinsic beat. Typically, these pacemakers 
operate in a demand mode in Which the stimulus is applied 
only if the intrinsic rhythm is beloW a predetermined thresh 
old. 

[0008] Tachycardia often progresses to cardiac ?brillation, 
a condition in Which synchroniZation of cell depolariZations 
is lost, and instead, there is chaotic, almost random electrical 
stimulations of the heart. Tachycardia often results from 
ischemic heart disease in Which local myocardium perfor 
mance is compromised and coordinated contraction of heart 
tissue is lost Which leads to a loss of blood How to the rest 
of the body. If ?brillation is left untreated, brain death can 
occur Within several minutes, folloWed by complete death 
several minutes later. 

[0009] Application of an electrical stimulus to a critical 
mass of cardiac tissue can be effective to cause the heart to 
recover from its chaotic condition and resume normal coor 
dinated propagation of electrical stimulation Wavefronts that 
result in the resumption of normal blood ?oW. Thus, the 
application of an electrical stimulus can revert a patient’s 
heart to a sinus cardiac rhythm and the chambers of the heart 
once again act to pump in a coordinated fashion. This 
process is knoWn as de?brillation. 

[0010] Cardioversion/de?brillation is a technique 
employed to counter arrhythmic heart conditions including 
some tachycardias in the atria and/or ventricles. Typically, 
electrodes are employed to stimulate the heart With high 
energy electrical impulses or shocks, of a magnitude sub 
stantially greater than the intrinsic cardiac signals. The 
purpose of these high energy signals is to disrupt the 
generation of the chaotic cardiac signals and cause the heart 
to revert to a sinus rhythm. 

[0011] There are tWo kinds of conventional cardioversion/ 
de?brillation systems: internal cardioversion/de?brillation 
devices, or ICDs, and external automatic de?brillators, or 
AEDs. An ICD generally includes a housing containing a 
pulse generator, electrodes and leads connecting the elec 
trodes to the housing. Traditionally, the electrodes of the 
ICD are implanted transvenously in the cardiac chambers, or 
alternatively, are attached to the external Walls of the heart. 
Various structures of these types are disclosed in US. Pat. 

Nos. 4,603,705, 4,693,253, 4,944,300, 5,105,810, 4,567,900 
and 5,618,287, all incorporated herein by reference. 

[0012] In addition, US. Pat. Nos. 5,342,407 and 5,603, 
732, incorporated herein by reference, disclose an ICD With 
a pulse generator implanted in the abdomen and tWo elec 
trodes. In one embodiment (FIG. 22), the tWo electrodes 
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188,190 are implanted subcutaneously and disposed in the 
thoracic region, outside of the ribs and on opposite sides of 
the heart. In another embodiment (FIG. 23), one electrode 
206 is attached to the epicardial tissues and another elec 
trode 200 is disposed inside the rib cage. In a third embodi 
ment (FIG. 24), one electrode 208 is disposed aWay from the 
heart and the other electrode 210 is disposed inside the right 
ventricle. This system is very complicated and it is dif?cult 
to implant surgically. 

[0013] Recently, some ICDs have been made With an 
electrode on the housing of the pulse generator, as illustrated 
in US. Pat. Nos. 5,133,353, 5,261,400, 5,620,477, and 
5,658,325, all incorporated herein by reference. 

[0014] ICDs have proven to be very effective for treating 
various cardiac arrhythmias and are noW an established 
therapy for the management of life threatening cardiac 
rhythms, such as ventricular ?brillation. HoWever, commer 
cially available ICDs have several disadvantages. First, 
commercially available ICDs must be implanted using 
someWhat compleX and expensive surgical procedures that 
are performed by specially trained physicians. Moreover, 
lead placement procedures require special room equipped 
for ?uoroscopy. These rooms are limited in number and 
therefore, limit the number of lead placement procedures, 
and ultimately the number of ICDs, that may be implanted 
in any given day. 

[0015] Second, commercially available ICDs rely on 
transvenous leads for the placement of at least one electrode 
Within the cardiac chambers. It has been found that over a 
period of time, transvenous lead electrodes may get dis 
lodged from the cardiac tissues. Additionally, complications 
such as broken leads and undesirable tissue formations 
deposits on the electrodes are not uncommon. These prob 
lems are especially acute When leads carry tWo or more 
electrodes. Moreover, infection is a concern When implant 
ing leads Within a patient’s vasculature. 

[0016] Third, removing these ICDs and replacing them, if 
necessary, also requires complicated surgical procedures 
that may be more life-threatening than the initial implanta 
tion. 

SUMMARY OF THE INVENTION 

[0017] One embodiment of the present invention provides 
a subcutaneous cardiac stimulator device adapted to gener 
ate an electric ?eld across the heart using at least one 
subcutaneous electrode positioned at a location selected to 
minimiZe the degree of surgical intervention. 

[0018] In yet another embodiment, the present invention 
provides a subcutaneous cardiac stimulator device that does 
not include any leads extending into, or touching, a patient’s 
heart or venous system. The electrodes can be positioned in 
a sternum position, a lateral position, an upper and/or a 
loWer position With respect to the heart. 

[0019] The present invention provides a device, Which in 
one embodiment, has a curvilinear electrode that is posi 
tioned subcutaneously in the frontal or chest area of the body 
such that it overlaps a peripheral region of the heart. The 
term ‘curvilinear electrode’ is used herein to designate an 
electrode having an elongated con?guration With a substan 
tially uniform cross-section along its length and having a 
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cross-sectional diameter that is much smaller than its length 
by at least an order of magnitude. 

[0020] The housing of the ICD device of the present 
invention can be active or inactive. If the housing is active, 
it is implanted in a position selected to generate an electric 
?eld With the electrode so that current passes through the 
heart and is effective to induce shocks therein. If the housing 
is inactive, then a separate electrode is also implanted 
subcutaneously and cooperates With the ?rst electrode to 
generate the required electric ?eld. Moreover, housing 
embodiments of the present invention can be implanted in a 
side position, an inframammary position or a pectoral posi 
tion in the body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 shoWs a block diagram of a subcutaneous 
cardiac device having one or tWo subcutaneous electrodes 
constructed in accordance With this invention; 

[0022] FIG. 2A is a diagrammatic vieW of the chest or 
frontal region of the patient With some of the possible 
electrode and housing positions in accordance With this 
invention; 

[0023] FIG. 2B is a partial diagrammatic vieW of the side 
of the patient shoWing possible positions of the electrode 
and the housing; 

[0024] FIGS. 3A and 3B shoW a frontal vieW and a side 
vieW of an active housing in the inframammary position and 
an electrode in the upper position; 

[0025] FIGS. 3C and 3D shoW the electrical ?eld gener 
ated With the con?guration of FIGS. 3A and 3B, respec 
tively; 

[0026] FIGS. 4A and 4B shoW a frontal and a side vieW 
of an inactive housing in the inframammary position With an 
electrode in the sternum and a second electrode in the lateral 
position; 

[0027] FIGS. 4C and 4D shoW frontal vieW and a top 
vieW of the electrical ?eld generated in the con?guration of 
FIGS. 4A and 4B; 

[0028] FIGS. 5A and 5B shoW a frontal vieW and a side 
vieW of an active housing in the side position and an 
electrode in the sternum position; 

[0029] FIGS. 6A and 6B shoW a frontal vieW and a side 
vieW of an inactive housing in the side position and elec 
trodes in the top and loWer positions; 

[0030] FIGS. 7A and 7B shoW a frontal vieW and a side 
vieW of an active housing in the pectoral position and an 
electrode in the loWer position; 

[0031] FIGS. 8A and 8B shoW a frontal vieW and a side 
vieW of an inactive housing in the pectoral position and 
electrodes in the sternum and lateral positions; 

[0032] FIGS. 9A and 9B shoW a frontal vieW and a side 
vieW of an inactive housing on the right side of the heart and 
electrodes in the top and loWer positions; 

[0033] FIGS. 10A and 10B shoW a frontal vieW and a side 
vieW of an active housing in the inframammary position and 
an electrode in sternum position; 
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[0034] FIGS. 10C and 10D show a frontal and a top vieW 
of the electrical ?eld generated by the con?guration of 
FIGS. 10A and 10B; 

[0035] FIGS. 11A and 11B shoW a frontal and a side vieW 
of an active housing in the side position and an electrode in 
the loWer position; 

[0036] FIGS. 12A and 12B shoW a frontal and a side vieW 
of an active housing and tWo electrodes in the sternum and 
lateral positions; 

[0037] FIG. 12C shoWs the electrical ?eld generated by 
one embodiment of the FIG. 12A con?guration; 

[0038] FIG. 13A shoWs a frontal vieW of an active hous 
ing in the side position With electrodes in the upper and 
loWer positions; 

[0039] FIG. 13B shoWs a frontal vieW of an active hous 
ing in the inframammary position and electrodes in the 
sternum and lateral positions; 

[0040] FIGS. 14A-14D shoW frontal vieW con?guration of 
an active housing With an electrode positioned on either side 
of the sternum; 

[0041] FIGS. 15A-15D shoW an active housing, a seg 
mented electrode and various stimulations applied therebe 
tWeen; 

[0042] FIG. 16 shoWs an active housing and tWo elec 
trodes disposed adjacent to the sternum; and 

[0043] FIG. 17 shoWs an active housing and tWo elec 
trodes disposed adjacent to the sternum, one of the elec 
trodes being multi-segmented. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] Referring noW to the draWings, FIG. 1 shoWs an 
implantable cardiac device 10 constructed in accordance 
With one embodiment of the present invention. The device 
10 includes a housing 12 containing a pulse generator (not 
shoWn), an electrode 14 and a lead 16. The electrode 14 is 
connected to the pulse generator through a header 18 dis 
posed on the housing 12. 

[0045] In particular embodiments of the present invention, 
the housing 12 can act as an active housing. In this embodi 
ment, the housing 12 itself, comprises a second electrode for 
the ICD device 10. An active canister housing 12 is formed 
either With a continuously conductive surface, or With a 
separate conductive Zone 20. The conductive surface or Zone 
20 of an active canister housing 12 is connected electrically 
to the circuitry disposed in the housing 12. If the Whole 
housing 12 is used as an active electrode, then its surface 
area presents a loW interface resistance With the patient’s 
tissues, thereby loWering the losses in the tissue/electrode 
interface. In alternative embodiments, the housing 12 may 
be inactive, in Which case the housing 12 is electrically 
isolated from its internal circuitry. 

[0046] FIG. 1 further depicts a second electrode 14‘ that is 
connected to the header 18 by a second lead 16‘. Particular 
embodiments of the present invention may utiliZe a second 
16‘ or third (not shoWn) lead With optional electrode. 

[0047] The housing 12 can be a conventional de?brillator 
housing used for programmable electronic circuitry that 
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senses intrinsic cardiac activity and generates antiarrhyth 
mic therapy (de?brillation shocks and/or pacing pulses) in 
the usual manner. To facilitate implantation, the circuity 
contained Within the housing can also induce ventricular 
?brillation for the purposes of testing the de?brillation 
threshold (DFT). DFT testing can be accomplished by 
delivering a shock during the vulnerable period of the 
cardiac cycle (T-Wave) or by rapid pacing approximately 20 
to 100 HZ for several seconds or by the application of direct 
current for several seconds or by the alternating current 
betWeen 20 and 100 HZ for several seconds. 

[0048] In particular embodiments, the housing 12 has a 
generally oval shape or a square shape With rounded corners. 
Although the housing 12 is illustrated as being square or 
rectangular, the housing 12 may also comprise any addi 
tional shapes conventionally knoWn in the art. Moreover, the 
housing 12 is made of titanium and/or other similar bio 
compatible materials commonly used for implantable 
devices. 

[0049] The housing 12 generally comprises a footprint in 
the range of 30-50 cm and may be about 1.2 cm deep. 

[0050] Electrode 14 is a subcutaneous electrode that is 
positioned under the skin and refrains from directly contact 
ing the patient’s heart. The subcutaneous electrode 14 may 
embody numerous shapes and siZes. For example, the elec 
trode 14 may be planar, or may have a cross section of other 
shapes, e.g. circular. The electrode could be made from a 
coil, it could be braided or Woven, or could be made by other 
similar means. In particular embodiments of the present 
invention, the electrode 14 is a curvilinear electrode. The 
term ‘curvilinear electrode’ is used herein to designate an 
electrode having an elongated rod-shaped con?guration 
Which could be straight or could be someWhat curved, and 
have a substantially uniform cross-section along its length 
and having a cross-sectional diameter that is much smaller 
than its length by at least an order of magnitude. Generally, 
the electrode 14 has a length of about 2-10 cm and a 
diameter of about 1-5 mm. 

[0051] In electrodes 14 that are curvilinear, the tip of the 
electrode 14 may be rounded or formed With a dull point, as 
at 19 to assist its implantation. The electrode 14, or at least 
its outer surface, is made of an electrically conducting 
biocompatible material. The electrode 14 is preferably made 
of the titanium or stainless steel. Other electrode materials, 
conventionally knoWn in the art, may additionally be used to 
form the electrode 14. In addition, particular electrode 14 
embodiments may be coated With platinum or platinum alloy 
such as platinum iridium. 

[0052] In general, the electrode 14 is ?exible. Implanting 
a ?exible electrode 14 minimiZes discomfort associated With 
the implantation of the electrode 14 Within the patient. In 
order to facilitate insertion of the electrode 14 Within the 
patient, additional supporting mechanisms may be utiliZed 
during the insertion process. For example, a removable 
stylet may be used during the insertion process. After the 
electrode is properly positioned Within the patient, the stylet 
is then removed from the electrode 14 (for example, from 
Within the aperture formed from a coil electrode); rendering 
the electrode 14 ?exible to conform to the patient’s body for 
its duration. Additional insertion mechanisms, knoWn in the 
art, may also be utiliZed to insert the ?exible electrode 14. 
One insertion mechanism, for example, is the use of a peal 
aWay rigid sheath. 



US 2003/0036778 A1 

[0053] The electrode(s) and the housing 12 can be 
implanted using various con?gurations. While these con 
?gurations differ in the positioning of the electrode(s) and 
the housing 12, What they have in common is that least one 
electrode is disposed in the frontal or anterior region of the 
patient. The housing or the other electrode is then positioned 
so that it interfaces With the ?rst electrode to generate an 
electrical ?eld that passes through the heart and is effective 
to de?brillate the heart. In particular embodiments, the at 
least one electrode is disposed in the frontal or anterior 
region such that it overlaps a peripheral region of the heart 
as vieWed from the front. 

[0054] Four electrode positions and three housing posi 
tions are identi?ed in FIGS. 2A and 2B. In these ?gures, the 
heart is designated by the letter H, the sternum is indicated 
by an aXis ST, the collar bone is indicated by a line CB and 
the inframammary crease is indicated by line IC. The lateral 
outline of the rib cage is indicated by line R and the skin 
extending outWardly from the rib cage laterally under the 
armpit is designated by the line SU, While the skin disposed 
in front of the rib cage is indicated by line SF. Obviously 
FIGS. 2A and 2B are not to scale, and the various tissues 
and bone structures shoWn therein are used to identify the 
relative locations of the electrode(s) 14, 14‘ and the housing 
12 With respect to these physiological landmarks. The tun 
neling path used for the electrode placement is not necessary 
represented by the path indicated by the lead 16. 

[0055] Four electrode positions are de?ned herein as posi 
tions A, B, C and D. As seen in the Figures, position A is a 
vertical position on the right side of the heart adjacent to the 
sternum. This position A is designated herein as the sternum 
position. Position B is disposed on the left side of the heart 
opposite from position A. Position B is also designated 
herein as the lateral position. Position C is a substantially 
horiZontal position near the top of the heart and is designated 
herein as the upper position. Finally, position D is a sub 
stantially horiZontal position near the bottom of the heart 
and is designated the loWer position. 

[0056] It is important to note that all four of these elec 
trode positions are disposed subcutaneously, i.e., betWeen 
the rib cage R and the skin SF in the frontal or anterior chest 
area. Several of these electrodes positions are further 
depicted overlapping either the top, bottom, left or right 
peripheral region of the heart. 

[0057] The tissues bounded by these four electrode posi 
tions are generally fatty tissues and/or comprise bony mate 
rial—both having a relatively high electrical resistivity as 
compared to the resistivity of the cardiac tissues. Positioning 
the electrodes in the frontal or anterior chest area alloW the 
naturally forming resistivity differential to better force elec 
tric current through the patient’s heart, rather than shunting 
into surrounding tissue. 

[0058] Because the electrode placement of the present 
invention refrains from accessing the vasculature of the 
patient, serious risks of infection are greatly reduced. Infec 
tions arising from the present invention Would be more 
likely localiZed and easily treatable. Whereas, infections 
arising from prior art devices that utiliZe leads that access the 
patient’s vasculature, tend to pose more serious risks to the 
patient’s health. 

[0059] In addition, positioning the electrodes in the frontal 
or anterior chest area eliminates the requirement of ?uoros 
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copy. The use of ?uoroscopy adds additional cost and risks 
to an ICD implantation procedure. Speci?cally, the physi 
cian must Wear protective lead shielding and utiliZe specially 
designed electrophysiology laboratories equipped for ?uo 
roscopy. Electrode placement in the present invention, hoW 
ever, folloWs predominant anatomical landmarks that are 
easily accessible, and are highly identi?able. Fluoroscopy, 
therefore, is not required because the ICD embodiments of 
the present invention are positioned in the subcutaneous 
frontal portion of the patient’s chest, Which is readily 
accessible to a physician Without the need for ?uoroscopy. 

[0060] FIGS. 2A and 2B shoW three subcutaneous posi 
tions X, Y, Z for the housing 12. Position X is disposed on 
the left side of the rib cage, under the arm, and is designated 
herein as the side position. Position Y is a frontal position, 
under the inframammary crease IC and is designated herein 
as the inframammary position. Finally, position Z is also a 
frontal position and it corresponds to the conventional 
position for ICDs, above and to the left of heart under the 
collarbone CB. This position Z is designated herein as the 
pectoral position. 
[0061] In the folloWing discussion, the various con?gura 
tions are noW described With the housing being disposed at 
one of the locations X, Y or Z. Except as noted, for each 
housing position, tWo electrode con?gurations are disclosed: 
one for an active housing and a single electrode; and a 
second for an inactive housing, a ?rst electrode and a second 
electrode. 

[0062] In FIGS. 3A and 3B, the housing 12 is an active 
housing and is shoWn implanted at position Y, or inframam 
mary position. The electrode 14 is disposed horiZontally in 
the upper position C. The lead 16 is threaded subcutaneously 
to the device. As illustrated in the Figures, the housing 12 
and electrode 14 are both disposed outside the front portion 
of the rib cage, With the housing 12 being disposed beloW the 
heart H and the electrode 14 being disposed in the upper 
position at a level With the top portion of the heart H. Thus, 
in this embodiment, the housing 12 and the electrode 14 are 
positioned above and beloW the center of the heart C. 

[0063] The tissues betWeen the housing 12 and the elec 
trode 14 are fatty tissues and/or bony material that have a 
much higher resistivity then that of the muscle betWeen the 
ribs. Therefore, When a voltage is applied betWeen the 
electrode 14 and the housing, current naturally folloWs the 
path of least resistance. In the position illustrated in FIGS. 
3A and 3B, as With all the other embodiments depicted in 
the Figures herein, the applied voltage folloWs the loWer 
conductivity of the heart muscle, and not the fat or bone. The 
electric ?eld formed across the heart by this position is 
shoWn in detail in FIGS. 3C and 3D. Thus, the positions 
illustrated better direct a sufficient amount of current to be 
forced through the heart causing its de?brillation. 

[0064] In FIGS. 4A and 4B, the housing 12 is an inactive 
housing shoWn implanted in the inframammary position Y 
and electrodes 14 and 14‘ are implanted in the sternum and 
lateral positions A and B, respectively. In this case, the 
electric ?eld is established betWeen the electrodes 14 and 
14‘, as illustrated in FIGS. 4C and 4D. Again, because the 
tissues betWeen the electrodes are fatty tissues and/or bony 
material, they have a higher resistivity then the cardiac 
tissues, and accordingly, electric current ?oWs through the 
heart, rather than along a direct path betWeen the tWo 
electrodes. 
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[0065] In FIGS. 5A and 5B, the housing 12 is an active 
housing implanted in the side position X and electrode 14 is 
in the sternum position A. 

[0066] In FIGS. 6A and 6B, the housing 12 is an inactive 
housing implanted at the side position X and the electrodes 
14, 14‘ are oriented horizontally at the upper and loWer 
positions C and D, respectively. 

[0067] In FIGS. 7A and 7B, the housing 12 is an active 
housing disposed at the pectoral position Z and electrode 14 
is oriented horiZontally at the loWer position D. 

[0068] In FIGS. 8A and 8B, the housing 12 is an inactive 
housing disposed at the pectoral position Z and electrodes 14 
and 14‘ are arranged vertically at the sternum position A and 
lateral position B, respectively. 

[0069] In FIGS. 9A and 9B, the housing 12 is inactive and 
is positioned above the heart, betWeen the electrodes 14, 14‘ 
in positions C and D, respectively. 

[0070] In the con?gurations described so far, an electric 
?eld is generated betWeen a ?rst electrode disposed hori 
Zontally or vertically along a front portion of the rib cage and 
either the housing or a second electrode disposed on an 
opposite side of the heart. HoWever, other con?gurations 
may also be used in Which the second electrode or housing 
is disposed along the front portion of the rib cage at a right 
angle With respect to a longitudinal aXis of the ?rst electrode. 
One such con?guration is shoWn in FIGS. 10A and 10B. In 
this con?guration, the ?rst electrode 14A is disposed in the 
septum position A and the housing 12 is disposed in the 
inframammary position Y. As seen in FIGS. 10C and 10D 
(FIG. 10D being a top vieW), When a voltage is applied to 
betWeen these tWo elements, an electric ?eld is generated 
through the heart. HoWever, the linear distance betWeen the 
tWo elements generating the ?eld has to be sufficiently large 
to insure that a substantial portion of the electric current 
passes through the heart and is not shunted directly betWeen 
the ?rst electrode and the housing. For this reason, the 
electrode in FIGS. 10A and 10B is shorter than the elec 
trodes in the previous embodiments. For eXample, the elec 
trode 14A may have half the length of the other electrodes 
14, 14‘. In addition, the electrode 14A is positioned as far as 
possible from the housing 12 While still being superimposed 
on a peripheral region of the heart. 

[0071] FIGS. 11A and 11B shoW a con?guration in Which 
the active housing is in the side position X and the electrode 
14A is in the loWer position and has a shorter length. 

[0072] In the folloWing con?gurations, an active housing 
12 is used With tWo short electrodes 14A, 14A‘, the tWo 
electrodes being shorted to each other so that the electric 
?eld is generated betWeen each electrode and the housing. 

[0073] In FIGS. 12A and 12B the active housing 12 is in 
pectoral position and the electrodes 14A, 14A‘ are in the 
sternum and lateral positions, respectively. In this con?gu 
ration, the active housing 12 may generate an electric ?eld 
With electrode 14A alone. Alternatively, the active housing 
12 may generate an electric ?eld With electrode 14A‘ alone. 
Finally, the active housing 12 may generate an electric ?eld 
With both electrode 14A and electrode 14A‘. The electric 
?eld created by such an arrangement is depicted in FIG. 
12C. In this con?guration, the electric ?eld forms a broad 
Wave front that traverses through the heart. 
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[0074] In FIG. 13A the active housing is in the side 
position and the electrodes 14A and 14A‘ are in the upper 
and loWer positions, respectively. Similar to FIG. 12A, the 
active housing 12 may generate at least three distinct electric 
?elds—With electrode 14A alone, With electrode 14A‘ alone, 
and With both electrode 14A and electrode 14A‘. 

[0075] In FIG. 13B (Which is a front vieW) the active 
housing is in the inframammary position and the electrodes 
14A, 14A‘ are in the sternum and lateral positions, respec 
tively. 
[0076] In the folloWing con?gurations, an electric ?eld is 
generated betWeen a ?rst electrode disposed horiZontally 
along a front portion of the rib cage and a housing disposed 
on the opposite side of the sternum. These embodiments 
describe a ?fth and siXth electrode placement (C‘ and D‘, 
respectively). Moreover these embodiments encompass a 
fourth and ?fth housing placement (Y‘ and Z‘, respectively). 

[0077] In FIG. 14A, the active housing 12 is in the 
pectoral position on the left side of the sternum (position Z), 
and the electrode 14 is in a substantially loWer horiZontal 
position on the right side of the sternum (position D‘). 

[0078] In FIG. 14B, the active housing 12 is in the 
pectoral position on the right side of the sternum (position 
Z‘), and the electrode 14 is in the substantially loWer 
horiZontal position on the left side of the sternum (position 
D). 
[0079] In FIG. 14C, the active housing 12 is in the 
inframammary position on the left side of the sternum 
(position Y), and the electrode 14 is in a substantially upper 
horiZontal position on the right side of the sternum (position 
C‘). 
[0080] In FIG. 14D, the active housing 12 is in the 
inframammary position on the right side of the sternum 
(position Y‘), and the electrode 14 is in a substantially upper 
horiZontal position on the left side of the sternum (position 
C). 
[0081] The cardiac device 10 can be used to apply de?bril 
lation and pacing therapy. In the con?guration shoWn in the 
Figures discussed so far, sensing can be effected by using the 
same elements that are used for de?brillation and/or pacing. 
Induction for DFT testing purposes can also use the same 
elements that are used for de?brillation and/or pacing. 

[0082] Alternatively, separate electrodes can be provided 
for sensing and/or pacing. In one embodiment shoWn in 
FIG. 15A, a segmented electrode 30 is provided Which can 
have approximately the same length as the electrode 14 in 
FIG. 1. The electrode 30 consists of three segments: an end 
electrode 32, an intermediate segment 34 made of a non 
conductive material and a main electrode 36. The end 
electrode 32 can have a tip With a reduced diameter, similar 
to the tip 19 on electrode 14 in FIG. 1. 

[0083] Preferably the three segments have substantially 
the same cross section so that the electrode 30 can be 
implanted easily in a tunnel in any of the electrode positions 
discussed above in a manner similar to electrode 14. The 
aXial length of end electrode 32 can be up to 50% of the total 
length of the segmented electrode 30. The intermediate 
segment 34 can have a negligible aXial dimension as long as 
it electrically isolates the end electrode 32 from the main 
electrode 36. 
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[0084] The main electrode 36 is connected to the housing 
12 through a lead 38 and a connector 40 attached to the 
header. Similarly, segment 32 is connected by a lead 42 to 
header 18 through a connector 44. Alternatively, the tWo 
Wires 38, 42 can be incorporated into a common lead 46. In 
this latter con?guration, preferably, the segments 34, 36 are 
holloW to alloW the Wire 42 to pass therethrough and connect 
to the end electrode 32, as illustrated in FIG. 15A by the 
phantom line. Device 10A, shoWn in FIG. 15A, and incor 
porating electrode 30, housing 12 and lead 46 can be 
con?gured to operate in several modes. In one mode, shoWn 
in FIG. 15A, sensing and ventricular shocks can be applied 
betWeen the main electrode 36 and the housing 12, While 
pacing can be applied betWeen the end electrode 32 and the 
housing 12. This embodiment is particularly advantageous 
because it avoids stimulating the abdomen. 

[0085] FIGS. 15B, 15C and 15D shoW other modes of 
operation. In FIG. 15B a mode is shoWn Wherein pacing, 
sensing and induction are implemented betWeen the end 
electrode and the housing and shock is applied betWeen the 
main electrode and the housing. In FIG. 15C pacing and a 
shock can be applied betWeen the end electrode 32 and the 
housing 12. Sensing is accomplished betWeen the main 
electrode 36 and the housing 12. In addition, a shock can 
also be applied betWeen the main electrode and the housing 
12. Alternatively, during de?brillation the end and the main 
electrodes could be shorted and shock could be applied 
betWeen both electrodes and the housing. 

[0086] In FIG. 15D, pacing, sensing, induction and a 
shock is applied betWeen the end electrode and the housing. 
A shock is additionally applied betWeen the main electrode 
and the housing. 

[0087] In the embodiments described so far, a single 
electrode element is envisioned that may be segmented but 
is disposed in a single tunnel at the various electrode 
positions. HoWever, it may be advantageous in some 
instances to provide tWo electrode elements. FIG. 16 shoWs 
one multi-element electrode con?guration. In this con?gu 
ration, tWo electrode elements 50 and 52 are provided, each 
having a structure similar to electrode 14 or 14‘. The 
electrode elements are adapted to be implanted parallel to 
each other. For eXample, the tWo elements can be implanted 
on either side of the sternum ST. In this con?guration, each 
electrode element 50, 52 is provided With its oWn lead Wire 
54, 56 coupling the same to the housing 12 through a header 
18 and a respective connector (not shoWn). The lead Wires 
can be provided in a single lead, or in separate leads. Each 
of these electrode elements 50, 52 can be used for sensing, 
pacing, induction or shocks 

[0088] In another multi-electrode element embodiment 
shoWn, in FIG. 17, tWo electrode elements 60, 62 are 
provided. Electrode element 60 is similar to electrode 14 or 
14‘ in FIG. 1 While electrode element 62 is multi-segmented, 
and thus it is similar to the electrode 30 of FIG. 16A. That 
is, electrode element 62 includes an end electrode 64, an 
intermediate segment 66 and a main electrode 68. Prefer 
ably, in this embodiment, electrode element 62 and the main 
electrode 68 are electrically connected to each other and 
connected to the housing 12 by a common lead Wire 70, 
While end electrode 64 is connected to the housing by a 
second lead Wire 72. Alternatively, the electrode element 62 
could be connected to the end electrode 64. In addition, both 
elements 60, 62 could be segmented. 

[0089] Numerous characteristics and advantages of the 
invention covered by this document have been set forth in 
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the foregoing description. It Will be understood, hoWever, 
that this disclosure is, in many aspects, only illustrative. 
Changes may be made in details, particularly in matters of 
shape, siZe and arrangement of parts Without eXceeding the 
scope of the invention. The invention’s scope is de?ned in 
the language in Which the appended claims are expressed. 

We claim: 
1. A method of implanting a cardiac device, the method 

comprising: 
implanting an electrode subcutaneously Within a frontal 

region of a patient’s chest; and 

implanting a housing Within the frontal region of the 
patient’s chest, the housing and the subcutaneous elec 
trode cooperating to provide selective antiarrhythmic, 
sensing and induction therapy. 

2. The method of claim 1, Wherein the housing is an active 
housing, and further Wherein the housing and the electrode 
cooperate to provide selective antiarrhythmic, sensing and 
induction therapy betWeen the housing and the subcutaneous 
electrode. 

3. The method of claim 1, Wherein the subcutaneous 
electrode is positioned Within the frontal region of the 
patient’s chest such that is selected to overlap a peripheral 
region of a patient’s heart. 

4. The method of claim 1, Wherein the subcutaneous 
electrode is substantially curvilinear in shape. 

5. The method of claim 1, further comprising implanting 
a second subcutaneous electrode. 

6. The method of claim 5, Wherein the second subcuta 
neous electrode is positioned Within the frontal region of the 
patient’s chest. 

7. The method of claim 5, Wherein the second subcuta 
neous electrode is positioned Within the lateral region of the 
patient’s chest. 

8. The method of claim 5, Wherein the housing is inactive, 
further comprising applying selective antiarrhythmic, sens 
ing and induction therapy betWeen the subcutaneous elec 
trode and the second subcutaneous electrode. 

9. The method of claim 5, Wherein the housing is inactive, 
further comprising applying selective antiarrhythmic, sens 
ing and induction therapy betWeen the subcutaneous elec 
trode and the housing. 

10. The method of claim 5, Wherein the housing is active, 
further comprising applying selective antiarrhythmic, sens 
ing and induction therapy betWeen the subcutaneous elec 
trode and the second subcutaneous electrode. 

11. The method of claim 5, Wherein the housing is active, 
further providing selective antiarrhythmic, sensing and 
induction therapy betWeen the subcutaneous electrode and 
the housing and selective antiarrhythmic, sensing and induc 
tion therapy betWeen the second subcutaneous electrode and 
the housing. 

12. The method of claim 1, Wherein the subcutaneous 
electrode further comprises a ?rst part and a second part, 
Wherein the subcutaneous electrode senses intrinsic cardiac 
activity betWeen the ?rst subcutaneous electrode part and the 
housing and applies shocks betWeen the subcutaneous elec 
trode and the housing. 

13. The method of claim 1, Wherein the subcutaneous 
electrode further comprises a ?rst part and a second part, 
Wherein the subcutaneous electrode senses intrinsic cardiac 
activity betWeen the ?rst subcutaneous electrode part and the 
second subcutaneous electrode part. 
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14. The method of claim 5, wherein the subcutaneous 
electrode further comprises a ?rst part and a second part, 
Wherein the subcutaneous electrode senses intrinsic cardiac 
activity betWeen the ?rst subcutaneous electrode part and the 
second subcutaneous electrode. 

15. The method of claim 12, Wherein the subcutaneous 
electrode includes a ?rst segment and a second segment, the 
?rst segment and the second segment being collinear. 

16. The method of claim 12, Wherein the subcutaneous 
electrode includes a ?rst element and a second element, the 
?rst element and the second element being spaced from each 
other and substantially parallel. 

17. A method of applying therapy to a patient comprising: 

implanting a ?rst electrode in a ?rst subcutaneous elec 
trode position; and 

implanting a housing, Wherein the ?rst electrode and the 
housing cooperate to apply selective antiarrhythmic, 
sensing and induction therapy; 

Wherein the ?rst subcutaneous electrode position is dis 
posed in a frontal region of the patient’s chest, the ?rst 
subcutaneous electrode position being selected from 
one of a sternum, a lateral, an upper and a loWer 
position. 

18. The method of claim 17, Wherein the housing is 
implanted in a position that is selected from one of a side, 
an inframammary and a pectoral position. 

19. The method of claim 17, Wherein the ?rst subcutane 
ous electrode position is selected on one side of a heart and 
the housing position is selected on the other side of the heart 
in the frontal region of the patient. 

20. The method of claim 17, Wherein the ?rst subcutane 
ous electrode position and the housing positions are selected 
perpendicular to each other. 

21. The method of claim 17, the method further compris 
ing implanting a second electrode implanted in a second 
subcutaneous electrode position in the frontal region of the 
patient. 

22. The method of claim 21, Wherein the ?rst subcutane 
ous electrode position and the second subcutaneous elec 
trode position are selected on opposite sides of a heart in the 
frontal region of the patient. 

23. The method of claim 21, Wherein selective antiar 
rhythmic, sensing and induction therapy is applied betWeen 
the ?rst electrode and the second electrode. 

24. The method of claim 21, Wherein selective antiar 
rhythmic, sensing and induction therapy is applied betWeen 
the ?rst electrode and the housing and selective antiarrhyth 
mic, sensing and induction therapy is applied betWeen the 
second electrode and the housing. 

25. A cardiac device adapted to provide therapy to a 
patient With a frontal region de?ned in the chest area, said 
cardiac device comprising: 

a subcutaneous electrode adapted to be disposed in the 
frontal region; 

a housing; and 

a lead electrically coupling the subcutaneous electrode 
and the housing to generate an electrical ?eld therebe 
tWeen, the subcutaneous electrode and the housing 
providing selective antiarrhythmic, sensing and induc 
tion therapy. 
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26. The device of claim 25, Wherein the subcutaneous 
electrode is adapted to be implanted in the frontal region of 
the patient’s chest in a position selected to overlap a periph 
eral region of the heart. 

27. The device of claim 25, Wherein the subcutaneous 
electrode is adapted to be implanted in one of a sternum, a 
lateral, an upper and a loWer position selected in the frontal 
region. 

28. The device of claim 25, Wherein the housing is 
adapted to be implanted in one of a side, an inframammary 
and a pectoral position. 

29. The device of claim 25, further comprising implanting 
a second subcutaneous electrode. 

30. The device of claim 29, Wherein the second subcuta 
neous electrode is positioned Within the frontal region of the 
patient’s chest. 

31. The device of claim 29, Wherein the second subcuta 
neous electrode is positioned Within the lateral region of the 
patient’s chest. 

32. The device of claim 29, Wherein the housing is 
inactive, further comprising applying selective antiarrhyth 
mic, sensing and induction therapy betWeen the subcutane 
ous electrode and the second subcutaneous electrode. 

33. The device of claim 29, Wherein the housing is 
inactive, further comprising applying selective antiarrhyth 
mic, sensing and induction therapy betWeen the subcutane 
ous electrode and the housing. 

34. The device of claim 29, Wherein the housing is active, 
further comprising applying selective antiarrhythmic, sens 
ing and induction therapy betWeen the subcutaneous elec 
trode and the second subcutaneous electrode. 

35. The device of claim 29, Wherein the housing is active, 
further providing selective antiarrhythmic, sensing and 
induction therapy betWeen the subcutaneous electrode and 
the housing and selective antiarrhythmic, sensing and induc 
tion therapy betWeen the second subcutaneous electrode and 
the housing. 

36. The device of claim 25, Wherein the subcutaneous 
electrode further comprises a ?rst part and a second part, 
Wherein the subcutaneous electrode senses intrinsic cardiac 
activity betWeen the ?rst subcutaneous electrode part and the 
housing and applies shocks betWeen the subcutaneous elec 
trode and the housing. 

37. The device of claim 25, Wherein the subcutaneous 
electrode further comprises a ?rst part and a second part, 
Wherein the subcutaneous electrode senses intrinsic cardiac 
activity betWeen the ?rst subcutaneous electrode part and the 
second subcutaneous electrode part. 

38. The device of claim 29, Wherein the subcutaneous 
electrode further comprises a ?rst part and a second part, 
Wherein the subcutaneous electrode senses intrinsic cardiac 
activity betWeen the ?rst subcutaneous electrode part and the 
second subcutaneous electrode. 

39. The device of claim 36, Wherein the subcutaneous 
electrode includes a ?rst segment and a second segment, the 
?rst segment and the second segment being collinear. 

40. The device of claim 36, Wherein the subcutaneous 
electrode includes a ?rst element and a second element, the 
?rst element and the second element being spaced from each 
other and substantially parallel. 


