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CARDIOVERTER-DEFIBRILLATOR HAVING A 
FOCUSED SHOCKING AREA AND ORIENTATION 

THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation-in-part of 
US. patent application entitled “SUBCUTANEOUS ONLY 
IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR 
AND OPTIONAL PACER,” having Ser. No. 09/663,607, 
?led Sep. 18, 2000, pending, US. patent application entitled 
“UNITARY SUBCUTANEOUS ONLY IMPLANTABLE 
CARDIOVERTER-DEFIBRILLATOR AND OPTIONAL 
PACER,” having Ser. No. 09/663,606, ?led Sep. 18, 2000, 
pending, and US. patent application entitled “CARDIO 
VERTER-DEFIBRILLATOR HAVING A FOCUSED 
SHOCKING AREA AND ORIENTATION THEREOF,” 
?led Aug. 27, 2001, pending, of Which all applications are 
assigned to the assignee of the present application, and the 
disclosures of all applications are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] De?brillation/cardioversion 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 electrical 
impulses or shocks, of a magnitude substantially greater 
than pulses used in cardiac pacing. Shocks used for de?bril 
lation therapy can comprise a biphasic truncated exponential 
Waveform. As for pacing, a constant current density is 
desired to reduce or eliminate variability due to the elec 
trode/tissue interface. 

[0003] De?brillation/cardioversion systems include body 
implantable electrodes that are connected to a hermetically 
sealed container housing the electronics, battery supply and 
capacitors. The entire system is referred to as implantable 
cardioverter/de?brillators (ICDs). The electrodes used in 
ICDs can be in the form of patches applied directly to 
epicardial tissue, or, more commonly, are on the distal 
regions of small cylindrical insulated catheters that typically 
enter the subclavian venous system, pass through the supe 
rior vena cava and, into one or more endocardial areas of the 

heart. Such electrode systems are called intravascular or 
transvenous electrodes. US. Pat. Nos. 4,603,705, 4,693,253, 
4,944,300, 5,105,810, the disclosures of Which are all incor 
porated herein by reference, disclose intravascular or trans 
venous electrodes, employed either alone, in combination 
With other intravascular or transvenous electrodes, or in 
combination With an epicardial patch or subcutaneous elec 
trodes. Compliant epicardial de?brillator electrodes are dis 
closed in US. Pat. Nos. 4,567,900 and 5,618,287, the 
disclosures of Which are incorporated herein by reference. A 
sensing epicardial electrode con?guration is disclosed in 
US. Pat No. 5,476,503, the disclosure of Which is incorpo 
rated herein by reference. 

[0004] In addition to epicardial and transvenous elec 
trodes, subcutaneous electrode systems have also been 
developed. For example, US. Pat. Nos. 5,342,407 and 
5,603,732, the disclosures of Which are incorporated herein 
by reference, teach the use of a pulse monitor/generator 
surgically implanted into the abdomen and subcutaneous 
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electrodes implanted in the thorax. This system is far more 
complicated to use than current ICD systems using trans 
venous lead systems together With an active can electrode 
and therefore it has no practical use. It has in fact never been 
used because of the surgical dif?culty of applying such a 
device (3 incisions), the impractical abdominal location of 
the generator and the electrically poor sensing and de?bril 
lation aspects of such a system. 

[0005] Recent efforts to improve the ef?ciency of ICDs 
have led manufacturers to produce ICDs Which are small 
enough to be implanted in the pectoral region. In addition, 
advances in circuit design have enabled the housing of the 
ICD to form a subcutaneous electrode. Some examples of 
ICDs in Which the housing of the ICD serves as an optional 
additional electrode are described in US. Pat. Nos. 5,133, 
353, 5,261,400, 5,620,477, and 5,658,321 the disclosures of 
Which are incorporated herein by reference. 

[0006] ICDs are noW an established therapy for the man 
agement of life threatening cardiac rhythm disorders, pri 
marily ventricular ?brillation (V-Fib). ICDs are very effec 
tive at treating V-Fib, but are therapies that still require 
signi?cant surgery. 

[0007] As ICD therapy becomes more prophylactic in 
nature and used in progressively less ill individuals, espe 
cially children at risk of cardiac arrest, the requirement of 
ICD therapy to use intravenous catheters and transvenous 
leads is an impediment to very long term management as 
most individuals Will begin to develop complications related 
to lead system malfunction sometime in the 5-10 year time 
frame, often earlier. In addition, chronic transvenous lead 
systems, their reimplantation and removals, can damage 
major cardiovascular venous systems and the tricuspid 
valve, as Well as result in life threatening perforations of the 
great vessels and heart. Consequently, use of transvenous 
lead systems, despite their many advantages, are not Without 
their chronic patient management limitations in those With 
life expectancies of >5 years. The problem of lead compli 
cations is even greater in children Where body groWth can 
substantially alter transvenous lead function and lead to 
additional cardiovascular problems and revisions. More 
over, transvenous ICD systems also increase cost and 
require specialiZed interventional rooms and equipment as 
Well as special skill for insertion. These systems are typi 
cally implanted by cardiac electrophysiologists Who have 
had a great deal of extra training. 

[0008] In addition to the background related to ICD 
therapy, the present invention requires a brief understanding 
of a related therapy, the automatic external de?brillator 
(AED). AEDs employ the use of cutaneous patch electrodes, 
rather than implantable lead systems, to effect de?brillation 
under the direction of a bystander user Who treats the patient 
suffering from V-Fib With a portable device containing the 
necessary electronics and poWer supply that alloWs de?bril 
lation. AEDs can be nearly as effective as an ICD for 
de?brillation if applied to the victim of ventricular ?brilla 
tion promptly, i.e., Within 2 to 3 minutes of the onset of the 
ventricular ?brillation. 

[0009] AED therapy has great appeal as a tool for dimin 
ishing the risk of death in public venues such as in air ?ight. 
HoWever, an AED must be used by another individual, not 
the person suffering from the potential fatal rhythm. It is 
more of a public health tool than a patient-speci?c tool like 
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an ICD. Because >75% of cardiac arrests occur in the home, 
and over half occur in the bedroom, patients at risk of 
cardiac arrest are often alone or asleep and can not be helped 
in time With an AED. Moreover, its success depends to a 
reasonable degree on an acceptable level of skill and calm by 
the bystander user. 

[0010] What is needed therefore, especially for children 
and for prophylactic long term use for those at risk of cardiac 
arrest, is a combination of the tWo forms of therapy Which 
Would provide prompt and near-certain de?brillation, like an 
ICD, but Without the long-term adverse sequelae of a 
transvenous lead system While simultaneously using most of 
the simpler and loWer cost technology of an AED. What is 
also needed is a cardioverter/de?brillator that is of simple 
design and can be comfortably implanted in a patient for 
many years. 

SUMMARY OF THE INVENTION 

[0011] One embodiment of the present invention provides 
an implantable cardioverter de?brillator for subcutaneous 
positioning betWeen the third rib and the tWelfth rib Within 
a patient, the implantable cardioverter-de?brillator including 
a housing; an electrical circuit located Within the housing; a 
?rst electrode coupled to the electrical circuit and located on 
the housing; and a second electrode coupled to the electrical 
circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a better understanding of the invention, refer 
ence is noW made to the draWings Where like numerals 
represent similar objects throughout the ?gures Where: 

[0013] FIG. 1 is a schematic vieW of a Subcutaneous ICD 
(S-ICD) of the present invention; 

[0014] FIG. 2 is a schematic vieW of an alternate embodi 
ment of a subcutaneous electrode of the present invention; 

[0015] FIG. 3 is a schematic vieW of an alternate embodi 
ment of a subcutaneous electrode of the present invention; 

[0016] FIG. 4 is a schematic vieW of the S-ICD and lead 
of FIG. 1 subcutaneously implanted in the thorax of a 
patient; 

[0017] FIG. 5 is a schematic vieW of the S-ICD and lead 
of FIG. 2 subcutaneously implanted in an alternate location 
Within the thorax of a patient; 

[0018] FIG. 6 is a schematic vieW of the S-ICD and lead 
of FIG. 3 subcutaneously implanted in the thorax of a 
patient; 

[0019] FIG. 7 is a schematic vieW of the method of 
making a subcutaneous path from the preferred incision and 
housing implantation point to a termination point for locat 
ing a subcutaneous electrode of the present invention; 

[0020] FIG. 8 is a schematic vieW of an introducer set for 
performing the method of lead insertion of any of the 
described embodiments; 

[0021] FIG. 9 is a schematic vieW of an alternative S-ICD 
of the present invention illustrating a lead subcutaneously 
and serpiginously implanted in the thorax of a patient for use 
particularly in children; 
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[0022] FIG. 10 is a schematic vieW of an alternate 
embodiment of an S-ICD of the present invention; 

[0023] FIG. 11 is a schematic vieW of the S-ICD of FIG. 
10 subcutaneously implanted in the thorax of a patient; 

[0024] FIG. 12 is a schematic vieW of yet a further 
embodiment Where the canister of the S-ICD of the present 
invention is shaped to be particularly useful in placing 
subcutaneously adjacent and parallel to a rib of a patient; and 

[0025] FIG. 13 is a schematic of a different embodiment 
Where the canister of the S-ICD of the present invention is 
shaped to be particularly useful in placing subcutaneously 
adjacent and parallel to a rib of a patient. 

[0026] FIG. 14 is a schematic vieW of a Unitary Subcu 
taneous ICD (US-ICD) of the present invention; 

[0027] FIG. 15 is a schematic vieW of the US-ICD sub 
cutaneously implanted in the thorax of a patient; 

[0028] FIG. 16 is a schematic vieW of the method of 
making a subcutaneous path from the preferred incision for 
implanting the US-ICD. 

[0029] FIG. 17 is a schematic vieW of an introducer for 
performing the method of US-ICD implantation; and 

[0030] FIG. 18 is an exploded schematic vieW of an 
alternate embodiment of the present invention With a plug-in 
portion that contains operational circuitry and means for 
generating cardioversion/de?brillation shock Waves. 

[0031] FIG. 19 is a top perspective vieW of an alternative 
S-ICD canister of the present invention depicting the top 
side of the canister housing and a lead electrode coupled to 
the S-ICD canister; 

[0032] FIG. 20 is an exploded bottom perspective vieW of 
the S-ICD canister of FIG. 19 shoWing an electrode in the 
shape of a thumbnail positioned on the bottom surface of the 
canister housing; 

[0033] FIG. 21 is a front elevational vieW of the S-ICD 
canister of FIG. 19 depicting the curved canister housing; 

[0034] FIG. 22 is a partial schematic vieW of the S-ICD 
canister of the present invention implanted subcutaneously 
in the thorax of the recipient patient; 

[0035] FIG. 23A is a top plan vieW of an alternative 
S-ICD canister of the present invention having a duckbill 
shaped end to the canister housing at the proximal end; 

[0036] FIG. 23B is a top plan vieW of an alternative 
S-ICD canister of the present invention having a duckbill 
shaped canister housing With an alternative proximal head 
con?guration; 

[0037] FIG. 24A is a top plan vieW of an alternative 
S-ICD canister of the present invention having a rectangu 
lar-shaped canister housing; 

[0038] FIG. 24B is a top plan vieW of an alternative 
S-ICD canister of the present invention having a square 
shaped canister housing With a triangular shaped electrode; 

[0039] FIG. 24C is a top plan vieW of an alternative 
S-ICD canister of the present invention having a square 
shaped canister housing With a square shaped electrode; 
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[0040] FIG. 25A is a top plan vieW of an alternative 
S-ICD canister of the present invention having a tongue 
depressor-shaped canister housing; 

[0041] FIG. 25B is a top plan vieW of an alternative 
S-ICD canister of the present invention having a modi?ed 
tongue depressor-shaped canister housing; 

[0042] FIG. 26A is a top plan vieW of an alternative 
S-ICD canister of the present invention having a multi 
segment canister housing; 

[0043] FIG. 26B is a front elevational vieW of the S-ICD 
canister of FIG. 26A depicting the curved proximal segment 
and the planar distal segment of the multi-segment canister 
housing; and 

[0044] FIG. 26C is a front elevational vieW of the S-ICD 
canister of FIG. 26A depicting the curved proximal segment 
and the curved distal segment of the multi-segment canister 
housing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] Turning noW to FIG. 1, the S-ICD of the present 
invention is illustrated. The S-ICD consists of an electrically 
active canister 11 and a subcutaneous electrode 13 attached 
to the canister. The canister has an electrically active surface 
15 that is electrically insulated from the electrode connector 
block 17 and the canister housing 16 via insulating area 14. 
The canister can be similar to numerous electrically active 
canisters commercially available in that the canister Will 
contain a battery supply, capacitor and operational circuitry. 
Alternatively, the canister can be thin and elongated to 
conform to the intercostal space. The circuitry Will be able 
to monitor cardiac rhythms for tachycardia and ?brillation, 
and if detected, Will initiate charging the capacitor and then 
delivering cardioversion/de?brillation energy through the 
active surface of the housing and to the subcutaneous 
electrode. Examples of such circuitry are described in US. 
Pat. Nos. 4,693,253 and 5,105,810, the entire disclosures of 
Which are herein incorporated by reference. The canister 
circuitry can provide cardioversion/de?brillation energy in 
different types of Waveforms. In one embodiment, a 100 uF 
biphasic Waveform is used of approximately 10-20 ms total 
duration and With the initial phase containing approximately 
Z/3 of the energy, hoWever, any type of Waveform can be 
utiliZed such as monophasic, biphasic, multiphasic or alter 
native Waveforms as is knoWn in the art. 

[0046] In addition to providing cardioversion/de?brilla 
tion energy, the circuitry can also provide transthoracic 
cardiac pacing energy. The optional circuitry Will be able to 
monitor the heart for bradycardia and/or tachycardia 
rhythms. Once a bradycardia or tachycardia rhythm is 
detected, the circuitry can then deliver appropriate pacing 
energy at appropriate intervals through the active surface 
and the subcutaneous electrode. Pacing stimuli can be bipha 
sic in one embodiment and similar in pulse amplitude to that 
used for conventional transthoracic pacing. 

[0047] This same circuitry can also be used to deliver loW 
amplitude shocks on the T-Wave for induction of ventricular 
?brillation for testing S-ICD performance in treating V-Fib 
as is described in US. Pat. No. 5,129,392, the entire 
disclosure of Which is hereby incorporated by reference. 
Also the circuitry can be provided With rapid induction of 
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ventricular ?brillation or ventricular tachycardia using rapid 
ventricular pacing. Another optional Way for inducing ven 
tricular ?brillation Would be to provide a continuous loW 
voltage, i.e., about 3 volts, across the heart during the entire 
cardiac cycle. 

[0048] Another optional aspect of the present invention is 
that the operational circuitry can detect the presence of atrial 
?brillation as described in Olson, W. et al. “Onset And 
Stability For Ventricular Tachyarrhythmia Detection in an 
Implantable Cardioverter and De?brillator,” Computers in 
Cardiology (1986) pp. 167-170. Detection can be provided 
via R-R Cycle length instability detection algorithms. Once 
atrial ?brillation has been detected, the operational circuitry 
Will then provide QRS synchroniZed atrial de?brillation/ 
cardioversion using the same shock energy and Waveshape 
characteristics used for ventricular de?brillation/cardiover 
s1on. 

[0049] The sensing circuitry Will utiliZe the electronic 
signals generated from the heart and Will primarily detect 
QRS Waves. In one embodiment, the circuitry Will be 
programmed to detect only ventricular tachycardias or ?bril 
lations. The detection circuitry Will utiliZe in its most direct 
form, a rate detection algorithm that triggers charging of the 
capacitor once the ventricular rate exceeds some predeter 
mined level for a ?xed period of time: for example, if the 
ventricular rate exceeds 240 bpm on average for more than 
4 seconds. Once the capacitor is charged, a con?rmatory 
rhythm check Would ensure that the rate persists for at least 
another 1 second before discharge. Similarly, termination 
algorithms could be instituted that ensure that a rhythm less 
than 240 bpm persisting for at least 4 seconds before the 
capacitor charge is drained to an internal resistor. Detection, 
con?rmation and termination algorithms as are described 
above and in the art can be modulated to increase sensitivity 
and speci?city by examining QRS beat-to-beat uniformity, 
QRS signal frequency content, R-R interval stability data, 
and signal amplitude characteristics all or part of Which can 
be used to increase or decrease both sensitivity and speci 
?city of S-ICD arrhythmia detection function. 

[0050] In addition to use of the sense circuitry for detec 
tion of V-Fib or V-Tach by examining the QRS Waves, the 
sense circuitry can check for the presence or the absence of 
respiration. The respiration rate can be detected by moni 
toring the impedance across the thorax using subthreshold 
currents delivered across the active can and the high voltage 
subcutaneous lead electrode and monitoring the frequency in 
undulation in the Waveform that results from the undulations 
of transthoracic impedance during the respiratory cycle. If 
there is no undulation, then the patent is not respiring and 
this lack of respiration can be used to con?rm the QRS 
?ndings of cardiac arrest. The same technique can be used 
to provide information about the respiratory rate or estimate 
cardiac output as described in US. Pat. Nos. 6,095,987, 
5,423,326, 4,450,527, the entire disclosures of Which are 
incorporated herein by reference. 

[0051] The canister of the present invention can be made 
out of titanium alloy or other presently preferred electrically 
active canister designs. HoWever, it is contemplated that a 
malleable canister that can conform to the curvature of the 
patient’s chest Will be preferred. In this Way the patient can 
have a comfortable canister that conforms to the shape of the 
patient’s rib cage. Examples of conforming canisters are 
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provided in US. Pat. No. 5,645,586, the entire disclosure of 
Which is herein incorporated by reference. Therefore, the 
canister can be made out of numerous materials such as 
medical grade plastics, metals, and alloys. In the preferred 
embodiment, the canister is smaller than 60 cc volume 
having a Weight of less than 100 gms for long term Wear 
ability, especially in children. The canister and the lead of 
the S-ICD can also use fractal or Wrinkled surfaces to 
increase surface area to improve de?brillation capability. 
Because of the primary prevention role of the therapy and 
the likely need to reach energies over 40 Joules, a feature of 
one embodiment is that the charge time for the therapy, is 
intentionally left relatively long to alloW capacitor charging 
Within the limitations of device siZe. Examples of small ICD 
housings are disclosed in Us. Pat. Nos. 5,597,956 and 
5,405,363, the entire disclosures of Which are herein incor 
porated by reference. 
[0052] Different subcutaneous electrodes 13 of the present 
invention are illustrated in FIGS. 1-3. Turning to FIG. 1, the 
lead 21 for the subcutaneous electrode is preferably com 
posed of silicone or polyurethane insulation. The electrode 
is connected to the canister at its proximal end via connec 
tion port 19 Which is located on an electrically insulated area 
17 of the canister. The electrode illustrated is a composite 
electrode With three different electrodes attached to the lead. 
In the embodiment illustrated, an optional anchor segment 
52 is attached at the most distal end of the subcutaneous 
electrode for anchoring the electrode into soft tissue such 
that the electrode does not dislodge after implantation. 

[0053] The most distal electrode on the composite subcu 
taneous electrode is a coil electrode 27 that is used for 
delivering the high voltage cardioversion/de?brillation 
energy across the heart. The coil cardioversion/de?brillation 
electrode is about 5-10 cm in length. Proximal to the coil 
electrode are tWo sense electrodes, a ?rst sense electrode 25 
is located proximally to the coil electrode and a second sense 
electrode 23 is located proximally to the ?rst sense elec 
trode. The sense electrodes are spaced far enough apart to be 
able to have good QRS detection. This spacing can range 
from 1 to 10 cm With 4 cm being presently preferred. The 
electrodes may or may not be circumferential With the 
preferred embodiment. Having the electrodes non-circum 
ferential and positioned outWard, toWard the skin surface, is 
a means to minimiZe muscle artifact and enhance QRS 
signal quality. The sensing electrodes are electrically iso 
lated from the cardioversion/de?brillation electrode via 
insulating areas 29. Similar types of cardioversion/de?bril 
lation electrodes are currently commercially available in a 
transvenous con?guration. For example, US. Pat. No. 
5,534,022, the entire disclosure of Which is herein incorpo 
rated by reference, disclosures a composite electrode With a 
coil cardioversion/de?brillation electrode and sense elec 
trodes. Modi?cations to this arrangement is contemplated 
Within the scope of the invention. One such modi?cation is 
illustrated in FIG. 2 Where the tWo sensing electrodes 25 and 
23 are non-circumferential sensing electrodes and one is 
located at the distal end, the other is located proximal thereto 
With the coil electrode located in betWeen the tWo sensing 
electrodes. In this embodiment the sense electrodes are 
spaced about 6 to about 12 cm apart depending on the length 
of the coil electrode used. FIG. 3 illustrates yet a further 
embodiment Where the tWo sensing electrodes are located at 
the distal end to the composite electrode With the coil 
electrode located proximally thereto. Other possibilities 
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exist and are contemplated Within the present invention. For 
example, having only one sensing electrode, either proximal 
or distal to the coil cardioversion/de?brillation electrode 
With the coil serving as both a sensing electrode and a 
cardioversion/de?brillation electrode. 

[0054] It is also contemplated Within the scope of the 
invention that the sensing of QRS Waves (and transthoracic 
impedance) can be carried out via sense electrodes on the 
canister housing or in combination With the cardioversion/ 
de?brillation coil electrode and/or the subcutaneous lead 
sensing electrode(s). In this Way, sensing could be per 
formed via the one coil electrode located on the subcutane 
ous electrode and the active surface on the canister housing. 
Another possibility Would be to have only one sense elec 
trode located on the subcutaneous electrode and the sensing 
Would be performed by that one electrode and either the coil 
electrode on the subcutaneous electrode or by the active 
surface of the canister. The use of sensing electrodes on the 
canister Would eliminate the need for sensing electrodes on 
the subcutaneous electrode. It is also contemplated that the 
subcutaneous electrode Would be provided With at least one 
sense electrode, the canister With at least one sense elec 
trode, and if multiple sense electrodes are used on either the 
subcutaneous electrode and/or the canister, that the best 
QRS Wave detection combination Will be identi?ed When the 
S-ICD is implanted and this combination can be selected, 
activating the best sensing arrangement from all the existing 
sensing possibilities. Turning again to FIG. 2, tWo sensing 
electrodes 26 and 28 are located on the electrically active 
surface 15 With electrical insulator rings 30 placed betWeen 
the sense electrodes and the active surface. These canister 
sense electrodes could be sWitched off and electrically 
insulated during and shortly after de?brillation/cardiover 
sion shock delivery. The canister sense electrodes may also 
be placed on the electrically inactive surface of the canister. 
In the embodiment of FIG. 2, there are actually four sensing 
electrodes, tWo on the subcutaneous lead and tWo on the 
canister. In the preferred embodiment, the ability to change 
Which electrodes are used for sensing Would be a program 
mable feature of the S-ICD to adapt to changes in the patient 
physiology and siZe (in the case of children) over time. The 
programming could be done via the use of physical sWitches 
on the canister, or as presently preferred, via the use of a 
programming Wand or via a Wireless connection to program 
the circuitry Within the canister. 

[0055] The canister could be employed as either a cathode 
or an anode of the S-ICD cardioversion/de?brillation sys 
tem. If the canister is the cathode, then the subcutaneous coil 
electrode Would be the anode. Likewise, if the canister is the 
anode, then the subcutaneous electrode Would be the cath 
ode. 

[0056] The active canister housing Will provide energy 
and voltage intermediate to that available With ICDs and 
most AEDs. The typical maximum voltage necessary for 
ICDs using most biphasic Waveforms is approximately 750 
Volts With an associated maximum energy of approximately 
40 Joules. The typical maximum voltage necessary for 
AEDs is approximately 2000-5000 Volts With an associated 
maximum energy of approximately 200-360 Joules depend 
ing upon the model and Waveform used. The S-ICD and the 
US-ICD of the present invention uses maximum voltages in 
the range of about 50 to about 3500 Volts and is associated 
































