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METHOD AND APPARATUS FOR INDUCING CARDIAC FIBRILLATION

Cross-Reference To Related Applications

The invention of the present application may find application in systems such as are
disclosed in U.S. patent application entitled “SUBCUTANEOUS ONLY IMPLANTABLE
CARDIOVERTER-DEFIBRILLATOR AND OPTIONAL PACER,” having Serial No.
09/663,607, filed September 18, 2000, pending, and U.S. patent application entitled “UNITARY
SUBCUTANEOUS ONLY IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR AND
OPTIONAL PACER,” having Serial No. 09/663,606, filed September 18, 2000, pending, of
which both applications are assigned to the assignee of the present application, and the
disclosures of both applications are hereby incorporated by reference.

In addition, the foregoing applications are related to the U.S. patent application entitled
“DUCKBILL-SHAPED IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR  AND
METHOD OF USE,” U.S. patent application entitled “CERAMICS AND/OR OTHER
MATERIAL INSULATED SHELL FOR ACTIVE AND NON-ACTIVE S-ICD CAN,” U.S.
patent application entitled “SUBCUTANEOUS ELECTRODE FOR TRANSTHORACIC
CONDUCTION WITH IMPROVED INSTALLATION CHARACTERISTICS,” U.S. patent
application entitled “SUBCUTANEOUS ELECTRODE WITH IMPROVED CONTACT SHAPE
FOR  TRANSTHORACIC CONDUCTION,” U.S. patent application entitled
“SUBCUTANEOUS ELECTRODE FOR TRANSTHORACIC CONDUCTION WITH HIGHLY
MANEUVERABLE INSERTION TOOL,” U.S. patent application entitled “SUBCUTANEQOUS
ELECTRODE FOR TRANSTHORACIC CONDUCTION WITH LOW-PROFILE
INSTALLATION APPENDAGE AND METHOD OF DOING SAME,” U.S. patent application
entitled “SUBCUTANEOUS ELECTRODE FOR TRANSTHORACIC CONDUCTION WITH
INSERTION TOOL,” U.S. patent application entitled “METHOD OF INSERTION AND
IMPLANTATION FOR IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR
CANISTERS,” U.S. patent application entitled “CANISTER DESIGNS FOR IMPLANTABLE
CARDIOVERTER-DEFIBRILLATORS,” U.S. patent application entitled “RADIAN CURVED
IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR CANISTER,” U.S. patent application
entitled “CARDIOVERTER-DEFIBRILLATOR HAVING A FOCUSED SHOCKING AREA
AND ORIENTATION THEREOF,” U.S. patent application entitled “BIPHASIC WAVEFORM
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FOR ANTI-BRADYCARDIA PACING FOR A SUBCUTANEOUS IMPLANTABLE
CARDIOVERTER-DEFIBRILLATOR,” and U.S. patent application entitled “BIPHASIC
WAVEFORM FOR ANTI-TACHYCARDIA PACING FOR A SUBCUTANEOUS
IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR,” the disclosures of which applications
are hereby incorporated by reference.

Field Of The Invention

The present invention relates to apparatus and methods useful in connection with
performing electrical cardioversion/defibrillation and optional pacing of the heart.

Background Of The Invention

Defibrillation/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.

Defibrillation/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/defibrillators (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 superior vena cava and, into one or more
endocardial areas of the heart. Such electrode systems are called intravascular or transvenous
electrodes. U.S. Pat. Nos. 4,603,705, 4,693,253, 4,944,300, 5,105,810, the disclosures of which
are all incorporated herein by reference, disclose intravascular or transvenous electrodes,
employed either alone, in combination with other intravascular or transvenous electrodes, or in
combination with an epicardial patch or subcutaneous electrodes. Compliant epicardial
defibrillator electrodes are disclosed in U.S. Pat. Nos. 4,567,900 and 5,618,287, the disclosures of
which are incorporated herein by reference. A sensing epicardial electrode configuration is
disclosed in U.S. Pat No. 5,476,503, the disclosure of which is incorporated herein by reference.

In addition to epicardial and transvenous electrodes, subcutaneous electrode systems have
also been developed. For example, U.S. Patent 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 electrodes implanted in the thorax. This system is
far more complicated to use than current ICD systems using transvenous lead systems together

with an active can electrode and therefore it has no practical use. It has in fact never been used
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because of the surgical difficulty of applying such a device (3 incisions), the impractical
abdominal location of the generator and the electrically poor sensing and defibrillation aspects of
such a system.

Recent efforts to improve the efficiency 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
U.S. Pat. Nos. 5,133,353, 5,261,400, 5,620,477, and 5,658,321 the disclosures of which are
incorporated herein by reference.

ICDs are now an established therapy for the management of life threatening cardiac
rhythm disorders, primarily ventricular fibrillation (V-Fib). ICDs are very effective at treating V-
Fib, but are therapies that still require significant surgery.

As ICD therapy becomes more prophylactic in nature and used in progressively less ill
individuals, especially 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 complications is even greater in children where body growth can
substantially alter transvenous lead function and lead to additional cardiovascular problems and
revisions. Moreover, transvenous ICD systems also increase cost and require specialized
interventional rooms and equipment as well as special skill for insertion. These systems are
typically implanted by cardiac electrophysiologists who have had a great deal of extra training.

In addition to the background related to ICD therapy, the present invention requires a
brief understanding of a related therapy, the automatic external defibrillator (AED). AEDs
employ the use of cutaneous patch electrodes, rather than implantable lead systems, to effect
defibrillation 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
defibrillation. AEDs can be nearly as effective as an ICD for defibrillation if applied to the
victim of ventricular fibrillation promptly, i.e., within 2 to 3 minutes of the onset of the

ventricular fibrillation.



10

15

20

25

30

WO 03/039663 PCT/IB02/04513

AED therapy has great appeal as a tool for diminishing the risk of death in public venues
such as in air flight. 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-specific
tool like 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.

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 defibrillation, 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/defibrillator that is of simple design
and can be comfortably implanted in a patient for many years.

One feature desirable in such a cardioverter/defibrillator is one which permits a physician
in the field to test the energy level of an implanted ICD to ensure that the ICD will deliver an
effective defibrillating pulse. Once the physician has determined that a sufficient amount of
energy will be delivered to achieve defibrillation, he or she can complete the implant procedure.

In order to test the energy level of the ICD, it is necessary to induce fibrillation and then
observe whether the ICD counteracts it. To induce fibrillation, a shock is delivered to a patient
which coincides with ventricular repolarization. This repolarization coincides with the T-wave
portion of the patient’s cardiac waveform shown in Fig. 1. This waveform includes the P, Q, R,
and S peaks, followed by the T-wave. The Q, R, and S pulses may collectively be referred to as
the “QRS Complex” 12, or the “R-wave.” Thus, delivering a small energy shock in coincidence
with occurrence of the T-wave will induce fibrillation.

In pacing systems, delivering a shock on the T-wave is relatively straight-forward
because, in such systems, pacing is done at a rate which exceeds the patient’s intrinsic heart
rhythm, and the ventricle is stimulated with a programmed constant coupling interval. In
contrast, when the patient’s heart is free-running, the distance between the T-wave and the QRS
complex can vary.

Thus, with pacing control, one knows precisely when the QRS complex and the T-wave
will occur. As shown in Fig. 2, a first pacing QRS signal S, is applied and, after an initial
response or “coupling” interval I, a T-wave occurs. Then, after the coupling interval, another
pacing QRS signal S, is applied and, after a second coupling interval I, another T-wave occurs. It

is then possible to determine exactly when the T-wave will occur from examining the response
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intervals. Accordingly, with pacing, one simply defines how many pulses S,, S,, €tc., to deliver
and then delivers a shock at the desired position on the T-wave. Typically, the shock is anywhere
from a half (0.5) a joule to 350 joules and may be delivered as a monophasic or biphasic pulse or
other signal shape.

Summary Of The Invention

In pacing systems, one has the luxury of entraining the heart because an electrical lead is
positioned in the heart. The present invention, however, is intended to be useful in systems where
a lead is not located in the heart and where pacing is not available. Accordingly, the subject
invention facilitates employing the patient’s own intrinsic cardiac signal to control delivery of a
shock on the T-wave.

Since the patient’s intrinsic heart rate varies, the timing of the T-wave varies.
Accordingly, according to the invention, the occurrence of the T-wave may be automatically
detected and a shock delivered in response to the detection. The invention further contemplates
manual and pacing embodiments where the timing of the shock is manually set to occur at a
selected point in time following automatic detection of the QRS complex or R-wave,

Brief Description Of The Drawings

For a better understanding of the invention, reference is now made to the drawings where
like numerals represent similar objects throughout the figures and wherein:

Fig. 1 is a waveform diagram useful in illustrating various embodiments of the invention.

Fig. 2 is a waveform diagram illustrating pacing of the heart.

Fig. 3 is a block diagram illustrative of the method and apparatus employed in the
preferred embodiment.

Fig. 4 is a schematic circuit diagram illustrating an embodiment of a QRS detector.

Fig. 5 is a schematic circuit diagram of an illustrative embodiment of T-wave detection
and shock delivery circuitry.

Detailed Description of Illustrative Embodiments

An illustrative embodiment of the invention utilizes the approach shown in Fig. 3. This
approach involves a first detection 11 of the QRS complex portion of the waveform (also referred
to at times as the “R-wave”). In response to detection of the R-wave, the system is set up to
expect and perform detection of the T-wave, as represented by block 13 of Fig. 1.

A circuit and method for detecting the QRS complex is illustrated in Fig. 4. This circuit

employs an electrode which connects a patient to the input of a gain stage 21, which may
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comprise an amplifier. The output signal of the gain stage 21 is supplied to an input of a wide
band filter 23, whose output is provided to an analog to digital (A/D) converter 25. The digital
output generated by the A/D converter 25 is supplied to a narrow band filter 27. The filtered
signal generated by the narrow band filter 27 is then rectified by a rectification stage 29, whose
output is then supplied to a peak detector 31. The output of the peak detector 31 forms a first
input 30 to a comparator 33 whose second input 32 is a selectable threshold voltage input. The
wideband filter 23 may have a 3dB bandwidth of, e.g., 1 hertz to 50 hertz, while the 3dB
bandwidth of the narrow band filter 27 may be, e.g., 10 hertz to 30 hertz.

As may be appreciated, the functions implemented in Fig. 4 after digital conversion by
the A/D converter 25 may be, and preferably are implemented by software programming, e.g., of
a microprocessor or nanoprocessor, to perform filtering, rectification, and peak detection. Such
software can be programmed to examine a few intrinsic heartbeats to establish an average peak
height of the peak R-wave and an average height of the peak T-wave and use these averages to set
the capacitor thresholds accordingly.

The filtering employed in Fig. 3 accentuates the R-wave and attenuates the effect of the
T-wave because the T-wave is a low frequency, far field signal.

Thus, in operation of the QRS detector 11, the wide band signal passes through a narrow
band filter 27 such that signal components other than those corresponding to the R-wave, the high
frequency content signal, are eliminated. The T-wave is particularly eliminated by moving the
passband of the filter 27 up to 10 Hz, from 1 Hz, thus eliminating the low frequency content of
the signal. Rectification by the rectifier 29 results in a signal which has only a positive value.
When the peak detected rectified signal on output 31 exceeds the threshold level on input 32,
detection of QRS is signaled by a signal on the output 34 of the comparator 33.

Another way of detecting the QRS complex or R-wave is to employ a gain stage, a wide
band filter, and A/D whose output is filtered two ways to detect the R-wave (QRS complex).
Such an approach may be implemented by a circuit which employs first and second comparators
to respectively detect the positive-going “R” waves or negative-going R-waves. A narrow band
filter centered around where the R-wave is, e.g., at 20Hz, precedes the comparators. As will be
appreciated, the two comparator approach is an alternative which avoids rectification and hence
the rectification stage 29 of Fig. 4. ,

In looking for a QRS peak, one may employ various techniques to improve detection,
e.g., to avoid detecting a localized peak instead of the real peak. Thus, an integration may be

implemented to ensure that the detected transition is a decline from the real peak value.
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Another approach illustrated in Fig. 4 is to simply set a threshold so that when the QRS
signal exceeds that threshold an output is produced by the comparator such that the system knows
that an R-wave has occurred.

With respect to selecting the threshold, one may employ the approach used in some
pacemakers of setting a fixed threshold, e.g., of .8 milivolts, 2 milivolts, or 3 milivolts. Another
approach is to employ an automatic gain control system. One way to implement automatic gain
control is to employ the system software to average the value of a number of successive peaks
and set the threshold to a percentage of the average peak value.

Thus, the characteristics of the QRS detection 11 are such that it reliably detects a
particular “fiducial point” of the QRS complex and rejects T-waves. The term “fiducial point of
the QRS complex” is employed because various points can be detected in various
implementations. For example, one may detect a signal peak as discussed above, the onset of the
QRS signal, or a zero crossing, e.g., a point where the QRS signal goes across the “ISO” baseline.
Thus, one may look at the circuitry after filtering in Fig. 4 as the QRS detector, or the “R-wave”
detector.

A system for detecting the T-wave is illustrated in Fig. 5. This system employs a wide
band filter, e.g., 43 Fig. 4, together with a T-wave filter 41 to optimize the T-wave. The T-wave
filter 41 is a narrow band filter centered around the frequency content of the T-wave, for example,
3-10 Hz.

The detection approach applied to the filtered output supplied by the narrow band filter
41 may be the same as discussed for the QRS detection, e.g., automatic or manual gain control,
dual comparator, etc. A dual comparator 44 having respective threshold inputs T3 and T4 is
illustrated in Fig. 5, which accommodates the possibility that the T-wave may have either a
positive or negative polarity. The output of the comparator 44 supplies one input 42 to an AND
gate 45, which outputs to a delay stage 49. The delay stage 49 delays application of a shock to
the patient for a programmable interval, e.g., zero to 100 milliseconds.

The second input 46 to the AND gate 45 is derived from the output 34 of the QRS
detector. In the circuit of Fig. 5, the second input 46 to the AND gate 45 is derived by generating
it a selected interval after the QRS complex is detected, e.g., a blanking interval of 50
milliseconds. In discrete logic;, such an interval, or “window,” can be implemented by a
monostable multivibrator, while in software, it may be programmed.

Implementing a blanking interval prevents a shock from being falsely delivered during

the QRS interval. Thus, only after the blanking interval is T-wave detection possible.
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As one skilled in the art will appreciate, one can implement the functionality illustrated in
Figs. 1-5 with analog hardware, digital software, digital hardware, or various combinations
thereof. One particularly useful hybrid configuration is illustrated in Fig. 6 where an analog gain
stage 21 outputs to an analog wideband filter 21 which supplies a filtered output to an A/D
converter 25. The digital output of the A/D 25 is provided to a programmed digital processor 51,
which is programmed to perform the functions of Fig. 4 and 5 which follow analog to digital
conversion in those Figures. Such circuitry could employ the analog to digital conversion
approach of co-pending application of Alan H. Ostroff, serial no. entitled Low Power
A/D Converter filed on even date herewith and assigned to Cameron Health.

The programmable delay represented by delay stage 49 may also allow, for example, the
doctor to manually delay delivering of the shock to the patient. The physician might want to add
some number of milliseconds in addition to the point where the apparatus signals a T-wave
detection in order to provide a primary adjustment on exactly where the shock hits the T-wave.
To advance the automatic delivery of the shock in the circuit of Fig. 5, one may lower the
threshold of the T-wave detection.

Another alternative is to employ a differentiator for purposes of T-wave detection. In
such case, the circuitry takes the derivative of the T-wave and employs that derivative in a
detection algorithm.

It can prove advantageous to implement the wide band filter 21 in analog hardware, since
such an implementation is simple and straightforward. The remaining functions may then be
implemented digitally, as shown, for example, in Fig. 6.

As those skilled in the art will appreciate, one can implement much more functionality
with much less power in the digital domain than in the analog domain. The digital domain also
lends itself better to modeling, prototype verification, and fine tuning.

The programmability of the delay element 49 further permits a “manual” mode of
operation of the apparatus of Figs. 4 and 5, wherein, rather than relying on automatic detection of
the T-wave, the physician selects a fixed point in time after automatic detection of the QRS
complex to apply the fibrillating shock. This fixed point may be selected to occur in the range of
zero to 500 milliseconds after QRS detection. In such case, the comparator output 34 is switched
into the delay stage 49 rather than the output of the AND gate 45. In this manner, the QRS
detection triggers the shock after the period of delay provided by the delay stage 49 as set by the
physician.

As another option, pacing of the patient according to Fig. 2 is applied to the patient, and
the physician selects the delay supplied by delay element 49 to be equal to or greater than the
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coupling interval determined by pacing. This embodiment again uses the comparator output 34
as the input to trigger an output by the delay stage 49 at a selected point on or after expiration of
the coupling interval.

In summary, in the above-disclosed systems, the timing or occurrence of the QRS
complex is first ascertained and then the timing of the T-wave is detected. Prior to actual
detection and shocking, a training or learning process or algorithm is performed on a selected
number of intrinsic heartbeats to set parameters to be used in the detection process. Once the
necessary information is acquired and stored, the system is set to detect the QRS complex. Once
the QRS complex is detected, the system awaits the occurrence of the next T-wave, detects it, and
delivers the shock.

As an option to the foregoing approach, a semi-automatic approach may be employed
where the system detects the QRS complex, and the physician sets the timing for the shock, thus
avoiding automatic detection of the T-wave. The physician may estimate T-wave occurrence
from an ECG monitor other display of the cardiac waveform, which, of course, runs the risk
implied by the intrinsic variability of the patient’s cardiac waveform.

Once a shock has been delivered, the circuitry may then detect whether ventricular
fibrillation (VF) occurred and, if it didn’t, the T-wave detection may be re-initiated either
automatically or manually. One can program a delay, i.e., how many seconds or heartbeats one
wants to wait, and then how many shocks and T shocks until it’s successful. In fact, one can also
build in an automatic dithering capability wherein a state machine controlling the overall process
automatically extends “it” and, if that doesn’t work, the state machine automatically drops the
T-wave detection threshold to cause earlier detection and, if that doesn’t work, the state machine
extends it even further and drops the threshold further. In other words, the circuit dithers about
the point where the T-wave was expected to be.

While the present invention has been described above in terms of specific embodiments,
it is to be understood that the invention is not limited to the disclosed embodiments. On the
contrary, the following claims are intended to cover various modifications and equivalent

methods and structures included within the spirit and scope of the invention.
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What is claimed is:

1. A method of delivering a T-shock comprising the steps of:
automatically detecting the occurrence of a QRS
complex;
automatically detecting the occurrence of a T-wave
following said QRS complex; and
responding to the automatic detection of said T-wave
to deliver a shock.
2. The method of claim 1 wherein said step of automatically detecting the
occurrence of the QRS complex employs a peak detection technique.
3. The method of claim 2 wherein said peak detection technique employs a
manually set threshold.
4. The method of claim 3 wherein said peak detection technique employs a
threshold set by an automatic gain control technique.
5. The method of claim 1 further including the step of employing a training
algorithm to set expected parameters for the QRS complex and T-wave.
6. The method of claim 1 wherein the step of automatically detecting the occurrence
of the T-wave employs narrow band filtering to select the T-wave component.
7. The method of claim 1 wherein the step of automatically detecting the QRS
complex employs narrow band filtering to select the QRS component.
8. The method of claim 7 wherein the step of automatically detecting the occurrence
of the T-wave employs a peak detection technique.
9. The method of claim 8 wherein said peak detection technique employs a
manually set threshold.
10. The method of claim 8 wherein said peak detection technique employs a
threshold set by an automatic gain control technique.
11. The method of claim 1 wherein said shock is delivered automatically in response
to detection of said T-wave.
12. The method of claim 1 wherein said shock is delivered manually in response to
detection of said T-wave.
13. An apparatus comprising;:

a programmed digital processor; and

10
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programmed process steps executable by said digital
processor to detect occurrence of a QRS complex and to detect occurrence of a
T-wave following said QRS complex.

14. The apparatus of claim 13 wherein said programmed process steps are further
executable to implement narrowband filtering to select the QRS complex.

15. The apparatus of claim 14 wherein said programmed process steps are further
executable to implement narrowband filtering to select the T-wave.

16. The apparatus of claim 15 wherein said programmed process steps are further
executable to control delivery of a shock in response to detection of said T-wave.

17. The apparatus of claim 16 wherein said programmed process steps are further
executable to detect a peak in said QRS complex.

18. The apparatus of claim 17 wherein programmed process steps are further
executable to detect a peak in said T-wave.

19. The apparatus of claim 17 wherein said programmed process steps are further
executable to implement automatic gain control in connection with detecting a peak in said QRS
complex,

20. The apparatus of claim 17 wherein said programmed process steps are further
executable to implement automatic gain control in connection with detecting a peak in said QRS
complex in said T-wave.

21. The apparatus of claim 13 wherein said programmed process steps are further
operable to implement an algorithm for determining an expected parameter of said QRS complex.

22. The apparatus of claim 13 wherein said programmed process steps are further
operable to implement an algorithm for determining an expected parameter of said QRS complex
in said T-wave.

23. An apparatus comprising;

means for detecting a QRS complex in a cardiac

waveform; and

means responsive to detection of the QRS complex for

detecting a T-wave following said QRS complex.

24, The apparatus of claim 23 further including means responsive to detection of the
T-wave form to deliver a shock.

25. The apparatus of claim 23 wherein said means for detecting a QRS complex

employs a peak detection technique.

11
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26. The apparatus of claim 25 wherein said peak detection technique employs a
manually set threshold.

27. The apparatus of claim 26 wherein said peak detection technique employs a
threshold set by an automatic gain control technique.

28. The apparatus of claim 23 further including means for employing a training
interval for deriving expected parameters for the QRS complex and T-wave.

29. The apparatus of claim 23 wherein said means for detecting the T-wave employs
narrow band filtering to select a T-wave component.

30. The apparatus of claim 23 wherein said means for detecting the QRS complex
employs narrow band filtering to select a QRS component.

31. The apparatus of claim 30 wherein said means for detecting the occurrence of the

T-wave employs a peak detection technique.

32. The apparatus of claim 31 wherein said peak detection technique employs a
manually set threshold.
33. The apparatus of claim 31 wherein said peak detection technique employs a

threshold set by an automatic gain control technique.
34. The apparatus of claim 24 wherein said shock is delivered automatically in
response to detection of said T-wave.
35. The apparatus of claim 24 wherein said shock is delivered manually in response
to detection of said T-wave.
36. Apparatus comprising:
a filter for selecting a QRS complex from a cardiac
waveform,;
a first detector for detecting the occurrence of said
QRS complex;
a filter for selecting a T-wave following said QRS
complex; and
a second detector for detecting a T-wave following
said QRS complex.
37. The apparatus of claim 36 wherein said detector is gated to be operable in
response to detection of said QRS complex.
38. The apparatus of claim 36 wherein said first detector comprises a peak detector.
39. The apparatus of claim 38 wherein said second detector comprises a peak

detector.
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40. The apparatus of claim 23 wherein said means for detecting and said means
responsive for detecting are implemented as either (1) entirely analog circuitry or (2)a
combination of digital and analog circuitry without a programmed processor or (3) a combination
of digital and analog circuitry including a programmed processor.

41. In a subcutaneous implantable cardioverter-defibrillator, the method comprising
the steps of: .

automatically detecting the occurrence of a QRS complex; and

responding to detection of the QRS complex by delivering a fibrillating shock to a

patient.

42. The method of claim 41 wherein said defibrillator applies a pacing waveform to a
patient and wherein said step of responding comprises delivering said shock at a selected point in
time on or after expiration of the coupling interval.

43. The method of claim 41 wherein said step of responding comprises automatically
delivering said shock at a point in time separated from the point of automatic detection by a
manually selected time interval.

44, The method of claim 41 wherein said step of responding comprises the steps of:

automatically detecting the occurrence of a T-wave following the QRS complex; and

automatically delivering said shock in response to the automatic detection of the T-wave.

13
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