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APPARATUS FOR PRODUCING CONFIGURABLE
BIPHASTIC DEFIBRILLATION WAVEFORMS

This is a continuation of application Ser. No.
07/629,252, filed on Dec. 18, 1990, now abandoned.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to implantable medical
devices and, in particular, to a programmable defibrilla-
tor capable of delivering a configurable biphasic wave-form.

2. Discussion of the Prior Art

Implantable defibrillators use truncated exponential
waveforms to defibrillate the heart. The earliest devices
used monophasic waveforms. More recent clinical in-
vestigations have evaluated the increased effectiveness
of biphasic Waveforms. See Troup, Implantable Cardio-
verters and Defibrillators, Current Problems in Cardiol-

ogy, Volume XIV, Number 12, December 1989, pages
729-744. Some investigators have even recommended
the use of triphasic waveforms as the most effective
waveform for defibrillating a heart. See U.S. Pat. No.
4,637,397 issued to Jones and Jones on Jan. 20, 1987.

As described by Troup, monophasic waveforms are
typically produced using silicon controlled rectifier
(SCR) technology that truncates the pulse by “dump-
ing” the energy on the defibrillator capacitor. This
leaves no energy available on the capacitor for produc-
ing multiphasic waveforms.

As further described by Troup, there have been two
methods available for truncation of a monophasic defi-
brillation waveform. According to one method, pulse
truncation is accomplished by comparing the capacitor
voltage to a reference voltage which is usually chosen
as a function of the waveform leading edge voltage.
The result is a defibrillation pulse with a constant ratio
of trailing edge to leading edge voltage, or a “constant
tilt” pulse.

Defibrillation pulse “tilt”, described as percent tilt, is
defined as follows:

% rm=1oo[1—(V,/I"/,->11

where Vfis the trailing edge voltage of the pulse and V,-
is the leading edge voltage.

According to the second method, the defibrillation
pulse is truncated by a timing circuit so that the pulseduration is constant.

Biphasic waveform generators have used MOS
switches to produce the defibrillator output. The MOS
switch technique is better suited to multiphasic wave-
forms since the defibrillator capacitor does not need to
be “dumped” to truncate the pulse.

Prior art biphasic waveforms have been programma-
ble in terms of pulse duration. The disadvantage of
programming biphasic waveforms in terms of duration
can be seen in FIG. 1. Panel 1 of FIG. 1 shows a con-
ventional biphasic waveform with a 50 ohm load. Panel
2 shows a conventional biphasic waveform with the
same duration of phases with a 25 ohm load. With a 50

ohm load, there is adequate residual voltage to produce
an effective negative phase of the biphasic waveform.
However, at the same pulse durations, with a 25 ohm
load, the voltage during the positive phase has decayed
to the point where very little is left for the negative
phase.
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While it is possible to select optimal pulse durations
for a given patient impedance, the patient impedance
may change. In particular, for higher defibrillation volt-
ages, the patient impedance is lower. In addition, over
time, the lead impedance may increase due to the build-
up of scar tissue.

Due to their small size and battery operation, im-
plantable defibrillators have limited output energy ca-
pability. It is not unusual for an implantable defibrillator
to have only slightly more output capability than is
required to defibrillate a patient. This lack of safety
margin makes it all the more important that the output
energy that is available is used in the most effective

manner. While biphasic waveforms are a step in the
right direction, the optimal settings for the positive and
negative phase durations have not been addressed in the
prior art.

U.S. Pat. No. 4,850,357 issued to Stanley M. Bach, Jr.
on Jul. 25, 1989, discloses a circuit for generating a
biphasic defibrillation waveform wherein both the posi-
tive and negative phases have constant tilt. However,
the Bach, Jr. defibrillator generates a biphasic wave-
form having fixed characteristics. That is, only a single
type of waveform can be delivered that has a first posi-
tive pulse having a specified constant tilt and a second
negative pulse also having a specified constant tilt
Thus, the Back defibrillator circuit provides none of the
therapeutic flexibility that is desirable in restoring
rhythm to a fibrillating heart.

SUMMARY OF THE INVENTION

The present invention provides a microprocessor
controlled output stage that allows for greater flexibil-
ity than has been available in defining a biphasic defi-
brillation waveform. In accordance with the invention,
the biphasic waveform generator may be programmed
to provide either positive and negative phases having
selected constant tilt or a positive phase having a se-
lected constant tilt and a negative phase having a dura-
tion that is related to the duration of the positive phase.
The disclosed apparatus can also produce conventional
multiphasic waveforms, if desired.

A better understanding of the features and advan-

tages of the present invention will be obtained by refer-
ence to the following detailed description and accompa-
nying drawings which set forth an illustrative embodi-
ment in which the principles of the invention are uti-
lized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides a comparison between prior art bi-
phasic waveforms and configurable biphasic waveforms
generated in accordance with the present invention.

FIG. 2 is a block diagram illustrating an embodiment
of an apparatus for generating a configurable, biphasic
waveform in accordance with the present invention.

FIG. 3 is a flow chart of a method for producing a
biphasic waveform having selected constant positive
and negative tilts.

FIG. 4 is a flow chart of a method for producing a
biphasic waveform with a selected constant tilt positive
phase and a negative phase the duration of which is
related to the duration of the measured positive phaseduration.
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