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ABSTRACT

This invention provides an external defibrillator and defibril-
lation method that automatically compensates for patient-
to-patient impedance differences in the delivery of electro-
therapeutic pulses for defibrillation and cardioversion. In a
preferred embodiment, the defibrillator has an energy source
that may be discharged through electrodes on the patient to
provide a biphasic voltage or current pulse. In one aspect of
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might occur with a low to average impedance patient. This
method and apparatus of altering the delivered biphasic
pulse thereby compensates for patient impedance differ-
ences by changing the nature of the delivered electrothera-
peutic pulse, resulting in a smaller, more efficient and less
expensive defibrillator.
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1

ELECT'ROTHERAPY MIETHOD

This application is a divisional of application 5cr. No.
08/103,837 filed Aug. 6. 1993.

BACKGROUND OF THE INVENTION

This invention relates generally to an electrotherapy
method and apparatus for delivering a shock to a patient's
heart. In particular, this invention relates to a method and
apparatus for using an external defibrillator to deliver a
biphasic defibrTillation shock to a patient's heart through
electrodes attached to the patient.

Defibrillators apply pulses of electricity to a patient's
heart to convert ventricular arrhythmias, such as ventricular
fibrillation end ventricular tachycardia, to normal heart
rhythms through the processes of defibrillation and cardio-
version, respectively. There are two main classifications of
defibrillators: external and implanted. Implantable defibril-
lators are surrgically implanted in patients who have a high
likelihood of needing electrotherapy in the future. Implanted
defibrillators typically monitor the patient's heart activity
and automatically supply electrotherapeutic pulses directly
to the patient's heart when indicated. Thus, implanted
defibrillators permit the patient to function in a somewhat
normal fashion away from the watchful eye of medical
personnel.

External defibrillators send electrical pulses to the
patient's heart through electrodes applied to the patient's
torso. External defibrillators are useful in the emergency
room, the operating room, emergency medical vehicles or
other situations where there may be an unanticipated need to
provide electrotherapy to a patient on short notice. The
advantage oE external defibrillators is that they may be used
on a patient as needed, then subsequently moved to be used
with another patient. However, because external defibrilla-
tors deliver their electrotherapeutic pulses to the patient's
heart indirectly (i.e., from the surface of the patient's skin
rather tan directly to the heart), they must operate at higher
energies, voltages and/or currents than implanted defibril-
lators. The high energy, voltage and current requirements
have made current external defibrillators large, heavy and
expensive, particularly due to the large size of the capacitors
or other energy storage media required by these prior art
devices.

The time plot of the current or voltage pulse delivered by
a defibrillator shows the defibrillator's characteristic wave-
form. Wave forms are characterized according to the shape.
polarity, duration and number of pulse phases. Most current
external defibrillators deliver monophasic current or voltage
electrotherapeutic pulses, although some deliver biphasic
sinusoidal pulses. Some prior art implantable defibrillators,
on the other hand, use truncated exponential, biphasic wave-
forms. Examples of biphasic implantable defibrillators may
be found in U.S. Pat. No. 4,821,723 to Baker, Jr., et aL; U.S.
Pat. No. 5,083,562 to de Coriolis et at.; U.S. Pat No.
4,800,883 to Winstrom; U.S. Pat. No. 4,850,357 to Bach, Jr.;
and U.S. Pat. No. 4,953,551 to Mehra et al.

Because each implanted defibrillator is dedicated to a
single patient, its operating parameters, such as electrical
pulse amplitudes and total energy delivered, may be effec-
tively titrated to the physiology of the patient to optimize the
defibrillator's effectiveness. Thus, for example, the initial
voltage, first phase duration and total pulse duration may be
set when Cue device is implanted to deliver the desired
amount of crnergy or to achieve that desired start and end
voltage differential (i.e, a constant tit).

In contrast, because external defibrillator electrodes are
not in direct contact with the patient's heart, and because
external defibrillators must be able to be used on a variety of
patients having a variety of physiological differences, exter-

5 nal defibrillators must operate according to pulse amplitude
and duration parameters that will be effective in most
patients, no matter what the patient's physiology. For
example, the impedance presented by the tissue between
external defibrillator electrodes and the patient's heart varies

10 from patient to patient, thereby varying the intensity and
waveform shape of the shock actually delivered to the
patient's heart for a given initial pulse amplitude and dura-
tion. Pulse amplitudes and durations effective to treat low
impedance patients do not necessarily deliver effective and

15 energy efficient treatments to high impedance patients.
Prior art external defibrillators have not fully addressed

the patient variability problem. One prior art approach to this
problem was to provide the external defibrillator with mul-
tiple energy settings that could be selected by the user. A

20 common protocol for using such a defibrillator was to
attempt defibrillation at an initial energy setting suitable for
defibrillating a patient of average impedance, then raise the
energy setting for subsequent defibrillation attempts in the
event that the initial setting failed. The repeated defibrilla-

25 Lion attempts require additional energy and add to patient
risk. What is needed, therefor, is an external defibrillation
method and apparatus that maximizes energy efficiency (to
minimize the size of the required energy storage medium)
and maximizes therapeutic efficacy across an entire popu-

30 lation of patients.

SUMMARY OF THE INVENTION

35 This invention provides an external defibrillator and
defibrillation method that automatically compensates for
patient-to-patient impedance differences in the delivery of
electrotherapeutic pulses for defibrillation and cardiover-
sion. In a preferred embodiment, the defibrillator has an

40 energy source that may be discharged through electrodes on
the patient to provide a biphasic voltage or current pulse. In
one aspect of the invention, the first and second phase
duration and initial first phase amplitude are predetermined
values. In a second aspect of the invention, the duration of

45 the first phase of the pulse may be extended if the amplitude
of the first phase of the pulse fails to fall to a threshold value
by the end of the predetermined first phase duration, as
might occur with a high impedance patient. In a third aspect
of the invention, the first phase ends when the first phase

50 amplitude drops below a threshold value or when the first
phase duration reaches a threshold time value, whichever
comes first, as might occur with a low to average impedance
patient. This method and apparatus of altering the delivered
biphasic pulse thereby compensates for patient impedance

55 differences by changing the nature of the delivered electro-
therapeutic pulse, resulting in a smaller, more efficient and
less expensive defibrillator.

60 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a schematic representation of a low-tilt biphasic
electrotherapeutic waveform according to at first aspect of
this invention.

65 PIG. 21is a schematic representation of a high-tilt biphasic
electrotherapeutic waveform according to the first aspect of
this invention.
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FIG. 3 [s a flow chart demonstrating part of an electro-
therapy method according to a second aspect of this inven-
tion.

FIG. 4 is a schematic representation of a bipliasic wave-
form delivered according to the second aspect of this inven- 5
tion.

FIG. 5 is a schematic representation of a biphasic wave-
fornm delivered according to the second aspect of this inven-
tion.

FIG. 6 is a flow chart demonstrating part of an electro- 1
therapy method according to a third aspect of this invention.

FIG, 7 is a schematic representation of a biphasic wave-
form delivered according to the third aspect of this inven-
tion. 15

FIG. 8 is a schematic representation of a biphasic wave-
form delivered according to the third aspect of this inven-
dion.

FIG. 9 is a flow chart demonstrating part of an electro-
therapy method according to a combination of the second 20
and third aspects of this invention.

FIG. 10 is a block diagram of a defibrillator system
according to a preferred embodiment of this invention.

FIG. 11 is a schematic circuit diagram of a defibrillator 2
system according to a preterd embodiment of this inven-
tion.

DETAILE DESCRIPTION OF THE
PREFERRED EMBODIMENT 3

FIGS. 1 and 2 illustrate the patient-to-patient differences
that an external defibrillator design must take into account.
These figures ame schematic representations of truncated
exponential biphasic waveforms delivered to two different 35
patients firom an external defibrillator according to the
electrotheapy method of this invention for defibrillation or
cardioiversion. In these drawings, the vertical axis is voltage,
and the horizontal axis is time. The principles discussed here
are applicable to waveforms described in terms of current 40
versus time as well, however.

The waveform shown in FIG. 1 is called a low-tilt
waveform, and the waveformn shown in FIG. 2 is called a
high-tilt waveformn, where tilt H is defined as a percent as
follows: 4

W I- Un
H1 - W, XI100

As shown in FIGS. 1 and 2, A is the initial first phase voltage so
and D is the second phase terminal voltage. The first phase
terminal voltage B results from the exponential decay over
time of the initial voltage A through the patient, and the
second phase terminal voltage D results from the exponen-
tial decay of the second phase initial voltage C in the saint 5
manner. The starting voltages and first and second phase
durations of the FIG. 1 and FIG. 2 waveforms are the same;
the differences in end voltages B and D reflect differences in
patient impedance.

Prior art disclosures of the use of truncated exponential 60
biphasic waveforms in implantable defibrillators have pro-
vided little guidance for the design of an external defibril-
lator that will achieve acceptable defibrillation or cardiover-
sion rates across a wide population of patients. The
defibrillator operating voltages and energy delivery require- 65
ments affect the size, cost, weight and availability of com-
ponents. In particular, operating voltage requirements affect

the choice of switch and capacitor technologies. 'Ibtal
energy delivery requirements affect defibrillator battery and
capacitor choices.

We have determined that, for a given patient externally-
applied truncated exponential biphasic waveformns defibril-
late at lower voltages and at lower total delivered energies
than externally-applied monophasic waveforms. In addition,
we have determined that there is a complex relationship
between total pulse duration, first to second phase duration
ratio, initial voltage, total energy and total tilt.

Up to a point, the more energy delivered to a patient in an
electrotherapeutic pulse. the more likely the defibrillation
attempt will succeed. Low-mit biphasic waveforms achieve
effective defibrillation rates with less delivered energy than
high-tilt waveforms. However, low-ilt waveforms are
energy inefficient, since much of the stored energy is not
delivered to the patient. On the other hand, defibrMlators
delivering high-tilt biphasic waveforms deliver more of the
stored energy to the patient than defibrillators delivering
low-tilt waveforms while maintaining high efficacy up to a
certain critical tilt value. Thus, for a given capacitor, a given
initial voltage and fixed phase durations. high impedance
patients receive a waveform with less total energy and lower
peak currents but better conversion properties per unit of
energy delivered, and low impedance patients receive a
waveformn with more delivered energy and higher peak
currents.'There appears to be an optimum tilt range in which
high and low impedance patients will receive effective and
efficient therapy. An optimum capacitor charged to a prede-
termined voltage can be chosen to deliver an effective and
efficient waveform across a population of patients having a
variety of physiological differences.

This invention is a defibrillator and defibrillation method
that takes advantage of this relationship between waveform
tilt and total energy delivered in high and low impedance
patients. In one aspect of the invention, the defibrillator
operates in an open loop. i.e., without any feedback regard-
ing patient impedance parameters and with preset pulse
phase durations. The preset parameters of the waveforms
shown in FIG. I and 2 are therefore the initial voltage A of
the first phase of the pulse, the duration E of the first phase,
the interphase duration G, and the duration P of the second
phase. The terminal voltage B of the first phase, the initial
voltage C of the second phase, and the terminal voltage D of
the second phase are dependent upon the physiological
parameters of the patient and the physical connection
between the electrodes and the patient.

For example, if the patient impedance (i.e., the total
impedance between the two electrodes) is high, the amount
of voltage drop (exponential decay) from the initial voltage
A to the terminal voltage B during time E will be lower (FIG.
1) than if the patient impedance is low (FIG. 2). The same
is true for the initial and termninal voltages of the second
phase during time F. The values of A, E, G and F are set to
optimize defibrillation andfor cardioversion efficacy across a
population of patients. Thus, high impedance patients
receive a low-tilt waveform that is more effective per unit of
delivered energy, and low impedance patients receive a
high-tilt waveform that delivers mnore of the stored energy
and is therefore more energy efficient.

Another feature of biphasic waveforms; is that waveforms
with relatively longer first phases have better conversion
properties than waveforms with equal or shorter first phases,
provided the total duration exceeds a critical minimum.
Therefore, in the case of high impedance patients, it may be
desirable to extend the first phase of the biphasic waveformi
(while the second phase duration is kept constant) to
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increase the overall efficacy of the electrotherapy by deliv-
ering a more efficacious waveform and to increase the total
amount of energy delivered. FIGS. 3-5 demonstrate a
defibrillation method according to this second aspect of the
invention in which information related to patient impedance
is fed back to the defibrillator to change the parameters of
the delivered electrotherapeutic pulse.

FIG. 3 is a flow chart showing the method steps following
the decision (by an operator or by the defibrillator itself) to
apply an electrotherapeutic shock to the patient through
electrodes attached to the patient and charging of the energy
source, e.g.. tlae defibrillator's capacitor or capacitor bank, to
the initial first phase voltage A. Block 10 represents initia-
dion of the first phase of the pulse in a first polarity.
Discharge may be initiated manually by the user or auto-
maticadly in response to patient heart activity measurements
(e.g., BCG signals) received by the defibrillator through the
electrodes and analyzed by the defibrillator controller in a
manner known in the art.

Discharge of the first phase continues for at least a
threshold time as shown by block 12 of FIG. 3. If,
at the end of time t...~H the voltage measured across the
energy source has not dropped below the minimum first
phase terminal voltage threshold V,. first phase dis-
charge continues, as shown in block 14 of FIG. 3. For high
impedance patients, this situation results in an extension of
the first phase duration beyond tr,~,as shown in FIG. 4,
until the measured voltage drops below the threshold
V ,,=,. Discharge then ends to complete the first phase, as
represented by block 16 of FIG. 3. If, on the other hand, the
patient has low impedance, the voltage will have dropped
below V.Rs,, when the time threshold is reached, result-
ing in a waveform like the one shown in FIG. 5.

At the end of the first phase, and after a predetermined
interim period G, the polarity of the energy source connec-
tion to the electrodes is switched, as represented by blocks
18 and 20 of FIG. 3. Discharge of the second phase of the
biphasic Pulse then commences and continues for a prede-
terrnined second phase duration F, as represented by block
26 of HIG. 3, then ceases. This compensating electrotherapy
method ensures that the energy is delivered by the defibril-
lator in the most efficacious manner by providing for a
mnmnum waveform tilt and by extending the first phase
duration to meet the requirements of a particular patient.

Because this method increases the waveform tilt for high
impedance patients and delivers more of the energy from the
energy source than a method without compensation, the
defibrillator's energy source can be smaller than in prior art
external deffirrillators, thereby minimizing defibrillator size,
weight and expense. It should be noted that the waveformis
shown in FIGS. 4 and 5 could be expressed in terms of
current versus lime using a predetermined current threshold
value without departing from the scope of the invention.

FIGS. 6-8 illustrate a third aspect of this invention that
prevents the delivered waveformn from exceeding a maxi-
mum tilt (i.e., maximum delivered energy) in low impedance
patients, As shown by blocks 52 and 54 in FIG. 6, the first
phase discharge stops either at the end of a predetermined
time t,,, or when the first phase voltage drops below
V,w,. The second phase begins after an interim period
O and continues for a preset period F as in the second aspect
of the invention. Thus, in high impedance patients, the first
phase ends at time t,. even if the voltage has not yet
fallen below V'T,,.. as shown in FIG. 7. In low inmped-
ance patients, on the other hand, the first phase of the
delivered waveform. could be shorter in duration than the
Lime t,., as shown in FIG. 8.

Once again, the waveforms shown in FIGS. 7 and 8 could
be expressed in terms of current versus time using a prede-
termined current threshold value without departing from the
scope of the invention.

5 FIG. 9 is a flow chart illustrating a combination of the
defibrillation methods illustrated in FIGS. 3 and 6. In this
combination method, the first phase of the biphasic wave-
form will end if the voltage reaches a first voltage threshold
V,,,,f prior to the first phase duration threshold t2 ,,as,.

'o as shown by blocks 91 and 92. This defibrillator decision
path delivers a waveform like that shown in FIG. 8 for low
impedance patients. For high impedance patients, on the
other hand, if at the expiration of trH..... the voltage has not
fallen below VT,,a,, the duration of the first phase is

i5 extended beyond tRNuntil the voltage measured across
the electrodes reaches a second voltage threshold V,,.,
as shown in decision blocks 91 and 93. This defibrillator
method path will deliver a waveform like that shown in FIG.
4.

20 In alternative embodiments of this invention, the second
phase pulse could be a function of the first phase voltage,
current or time instead of having a fixed time duration. In
addition, any of the above embodiments could provide for
alternating initial polarities in successive monophasic or

25 biphasic pulses. In other words, if in the first biphasic
waveform delivered by the system the first phase is a
Positive voltage or current pulse followed by a second phase
negative voltage or current pulse, the second biphasic wave-
form delivered by the system would be a negative first phase

30 voltage or current pulse followed by a positive second phase
voltage or current pulse. This arrangement would minimize
electrode polarization, i.e., build-up of charge on the elec-
trodes.

For each defibrillator method discussed above, the initial
35 first phase voltage A may be the same for all patients or it

may be selected automatically or by the defibrillator user.
For example, the defibrillator may have a selection of initial
voltage settings, one for an infant, a second for an adult, and
a third for use in open heart surgery.

40 FIG. 10 is a schematic block diagram of a deffibrillator
system according to a preferred embodiment of this inven-
tion. The defibrillator system 30 comprises an energy source
32 to provide the voltage Or current pulses described above.
In one preferred embodiment, energy source 32 is a single

45 capacitor or a capacitor bank arranged to act as a single
capacitor. A connecting mechanism 34 selectively connects
and disconnects energy source 32 to and from a pair of
electrodes 36 electrically attached to a patient, represented
here as a resistive load 37. Th'le connections between the

so electrodes and the energy source may be in either of two
polarities with respect to positive and negative terminals on
the energy source.

The defibrillator system is controlled by a controller 38.
Specifically, controller 38 operates the connecting mecha-

55 nism 34 to connect energy source 32 with electrodes 36 in
one of the two polarities or to disconnect energy source 32
from electrodes 36. Controller 38 receives timing informa-
tion from a timer 40, and timer 40 receives electrical
information from electrical sensor 42 connected across

60 energy source 32. In some preferred embodiments, sensor 42
is a voltage sensor; in other preferred embodiments, sensor
42 is a current sensor

FIG. U is a Schematic circuit diagram illustrating a device
according to the preferred embodiments discussed above.

65 Defibrillator controller 701 activates a high voltage power
supply 72 to charge storage capacitor 74 via diode 76 to a
predetermined voltage. During this period, switches SWI,
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SW2, SW3 and SW4 are turned off so that no voltage is
applied to the patient (represented here as resistor 78)
connected between electrodes 80 and 82. SW5 is turned on
during this time.

After charlging the capacitor, controller 70 deactivates 5
supply 72 and activates biphase switch timer 84. Truer 84
initiates discharge of the first phase of the bipbasic wave-
form through the patient in a first polarity by simultaneously
turning on switches SWi and SW4 via control signals TI
and T4, while switch SWS remains on to deliver the initial 10
voltage A through electrodes 80 and 82 to the patient 78.

Depending on the operating mode, delivery of the first
phase of the bipbasic pulse may be terminated by the timer
84 after the end of a predetermined period or when the
voltage across the electrodes has dropped below a predeter-
mined value as measured by comparator 86. Timer 84 15
terminates pulse delivery by turning off switch SWS via
control signal TS, followed by turning off switches SWI and
SW4. The voltage across electrodes 80 and 82 then returns
to zero.

During the interim period 0, SW5 is turned on to prepare 20
for the second phase. After the end of interim periodOG, timer
84 initiates delivery of the second phase by simultaneously
turning on switches SW2 and SW3 via control signals T2
and f3 while switch SWS remains on. This configuration
applies voltage from the capacitor to the electrodes at an 2
initial second phase voltage C and in a polarity opposite to
the first polarity Timer 84 terminates delivery of the second
phase by turning off switch SWS via control signal TS,
followed by turning off switches SW2 and SW3. The second
phase may be terminated at the end of a predetermined
period or when the voltage measured by comparator 86 30
drops below a second phase termination voltage threshold.

In a preferred embodiment, switch SW5 is an insulated
gate bipolar transistor (IGB'r) and switches SWI-SW4 are
silicon-controlled rectifiers (SCRs). The SCRs are ava-
lanche-type switches which can be turned on to a conductive 35
state by the application of a control signal, but cannot be
turned off until the current through the switch falls to zero
or near zero. 'Thus, the five switches can be configured so
that any of the switches SWI-SW41 will close when SW5 is
closed and will reopen only upon application of a specific 4o
control signal to SW5.

This design has the further advantage that switch SWS
does not need to withstand the maximum capacitor voltage.
The maximum voltage that will be applied across switch
SWS will occur when the first phase is terminated by turning 45
SWS off, at which time the capacitor voltage has decayed to
some fraction of its initial value.

Other switches and switch configurations may be used, of
course without departing from the scope of the invention. In
addition, the defibrillator configurations of FIGS. 10 and.11 5may be used to deliver electric pulses of any polarity,
amplitude, and duration singly and in any combination.

While the invention has been discussed with reference to
external defibrillators, one or more aspects of the invention
would be applicable to implantable defibrMlators as well.
Other modifications will be apparent to those skilled in the 55
art

What is claimed is:
1. A method for applying electrotherapy to a patient

through electrodes external to a patient, the electrodes being
electrically connected in a predetermined polarity to an 6o
energy source charged to an initial level, the method com-
prising the following step:

discharging the energy source across the electrodes in the
predetermined polarity until the end of a predetermined
time period or until an electrical unit measured across 6s
the elec:trodes decays to a predetermined terminal level,
whichever occurs first.

2. The method of claim 1 further comprising the following
steps after the first discharging step:

reversing the polarity of connection of the energy source
to the electrodes; and

discharging the energy source across the electrodes in the
reversed polarity.

3. The method of claim 2 wherein the discharging step in
the reversed polarity continues for a second predetermined
time period.

4. The method of claim 2 wherein the discharging step in
the reversed polarity continues until an electrical unit mea-
sured acoss the electrodes decays to a second predeter-
mined terminal level.

5. The method of claim 2 wherein the duration of the
discharging step in the reversed polarity is a function of the
duration of the first discharging step.

6. The method of claim 2 wherein the measured electrical
unit decays to a first phase end value at the end of the first
discharging step, the duration of the discharging step in the
reversed polarity being a function of the first phase end
value.

7. The method of claim 1 wherein the energy source is a
voltage source and the measured electrical unit is voltage.

8. The method of claim 7 wherein the voltage source
comprises a capacitor.

9. A method for applying electrotherapy to a patient
through electrodes connected to an energy source, the
method comprising the following steps:

discharging the energy source across the electrodes to
deliver electrical energy to the patient in a multiphasic
waveform;

monitoring a patient-dependent electrical parameter dur-
ing the discharging step;

adjusting a discharge paramecter based on a value of the
monitored electrical parameter,

the adjusting step comprising discharging the energy
source across the electrodes in a phase of the inuitipha-
sic waveform. until the end of a predetermined time
period or until the monitored electrical parameter
reaches a predetermined value, whichever occurs first.

10. The method of claim 9 wherein the electrical paramn-
eter is energy source voltage.

11. The method of claim 9 wherein the electrical param-
eter is energy source current

12. The method of claim 9 wherein the adjusting step
furthr comprises adjusting a discharge parameter of a later
phase of the moultiphasic waveform. as a function of a value
of the electrical parameter during an earlier phase.

13. The method of claim 12 wherein the discharge param-.
eter of the later phase is phase duration.

14.* The method of claim 9 wherein the adjusting step
further comprises adjusting a discharge parameter of a late
phase of the multiphasic waveformn as a function of duration
of an earlier phase.

15. The method of claim 14 wherein the discharge param-
eter of the later phase is phase duration.

16.' The method of claim 7 wherein a phase of the
multiphasic waveform has a fixed duration.

17. The method of claim 9 wherein the multiphasic
waveformu has an earlier phase and a Ila phase, the later
phase having a fixed duration.

18. The method of claim 9 wherein the multiphasic
waveformn comprises a truncated exponential biphasic wave-
form.

* * * * *
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Abstract o

ELECTROTHERAPY METHOD AND APPARATUS
This invention provides an external

5 defibrillator and defibrillation method that

automatically compensates for patient-to-patient

impedance differences in the delivery of

electrotberapeutic pulses for defibrillation and

cardioversion. In a preferred embodiment, the

10 defibrillator has an energy source that may be discharged

through electrodes on the patient to provide a biphasic

voltage or current pulse. In one aspect of the

invention, the first and second phase duration and
initial first phase amplitude are predetermined values.,-

15 In a second aspect of the invention, the duration of the

first phase of the pulse may be extended if the amplitude

of the first phase of the pulse fails to fall to a

threshold value by the end of the predetermined first

phase duration, as might occur with a high impedance

20 patient. In a third aspect of the invention, the first

phase ends when the first phase amplitude drops below a

threshold value or when the first phase duration reaches

a threshold time value, whichever comes first, as might

occur with a low to average impedance patient. This

25 method and apparatus of altering the delivered biphasic

pulse thereby compensates for patient impedance

differences by changing the nature of the delivered

electrotherapeutic pulse, resulting in a smaller, more

efficient and less expensive defibrillator.

30
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Background of the Invention

This invention relates generally to an

electrotherapy method and apparatus for delivering a

5 shock to a patient's heart. In particular, this

invention relates to a method and apparatus for using an

external defibrillator to deliver a biphasic

defibrillation shock to a patient's heart through

electrodes attached to the patient.

10 Defibrillators apply pulses of electricity to

a patient's heart to convert ventricular arrhythmias,

such as ventricular fibrillation and ventricular

tachycardia, to normal heart rhythms through the

processes of defibrillation and cardioversion,

15 respectively. There are two main classifications of

defibrillators: external and implanted. Implantable

defibrillators are surgically implanted in patients who

have a high likelihood of needing electrotherapy in the

future. Implanted defibrillators typically monitor the

20 patient's heart activity and automatically supply

electrotherapeutic pulses directly to the patient's heart

when indicated. Thus, implanted defibrillators permit

.the patient to function in a somewhat normal fashion away

from the watchful eye of medical personnel.

25 External defibrillators send electrical pulses

to the patient's heart through electrodes applied to the

patient's torso. External defibrillators are useful in
the emergency room, the operating room, emergency medical

vehicles or other situations where there may be an

30 unanticipated need to provide electrotherapy to a patient

101065.1
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on short notice. The advantage of external

defibrillators is that they may be used on a patient as

needed, then subsequently moved to be used with another

patient. However, because external defibrillators

5 deliver their electrotherapeutic pulses to the patient's

heart indirectly (i.e., from the surface of the patient's

skin rather than directly to the heart), they must

operate at higher energies, voltages and/or currents than

implanted defibrillators. The high energy, voltage and

10 current requirements have made current external

defibrillators large, heavy and expensive, particularly

due to the large size of the capacitors or other energy

storage media required by these prior art devices.

The time plot of the current or voltage pulse,

15 delivered by a defibrillator shows the defibrillator's

characteristic waveform. Waveforms are characterized

according to the shape, polarity, duration and number of

pulse phases. Most current external defibrillators

deliver monophasic current or voltage electrotherapeutic

20 pulses, although some deliver biphasic sinusoidal pulses.

Some prior art implantable defibrillators, on the other

hand, use truncated exponential, biphasic waveforms.

Examples of biphasic implantable defibrillators may be

found in U.S. Patent No. 4,821,723 to Baker, Jr., et al.;

25 U.S. Patent No. 5,083,562 to de Coriolis et al.; U.S.

Patent No. 4,800,883 to Winstrom; U.S. Patent No.

4,850,357 to Bach, Jr.; and U.S. Patent No. 4,953,551 to

Mehra et al.

* Because each implanted defibrillator is

30 dedicated to a single patient, its operating parameters,

such as electrical pulse amplitudes and total energy

delivered, may be effectively titrated to the physiology

of the patient to optimize the defibrillator's

effectiveness. Thus, for example, the initial voltage,

35 first phase duration and total pulse duration may be set

when the device is implanted to deliver the desired

101065.1
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amount of energy or to achieve that desired start and end

voltage differential (i.e, a constant tilt).

In contrast, because external defibrillator

electrodes are not in direct contact with the patient's

5 heart, and because external defibrillators must be able

to be used on a variety of patients having a variety of

physiological differences, external defibrillators must

operate according to pulse amplitude and duration

parameters that will be effective in most patients, no

10 matter what the patient's physiology. For example, the

impedance presented by the tissue between external

defibrillator electrodes and the patient's heart varies

from patient to patient, thereby varying the intensity

and waveform shape of the shock actually delivered to the

15 patient's heart for a given initial pulse amplitude and

duration. Pulse amplitudes and durations effective to

treat low impedance patients do not necessarily deliver

effective and energy efficient treatments to high

impedance patients.

20 Prior art external defibrillators have not

fully addressed the patient variability problem. one

prior art approach to this problem was to provide the

external defibrillator with multiple energy settings that

could be selected by the user. A common protocol for

25 using such a defibrillator was to attempt defibrillation

at an initial energy setting suitable for defibrillating

a patient of average impedance, then raise the energy

setting for subsequent defibrillation attempts in the

event that the initial setting failed. The repeated

30 defibrillation attempts require additional energy and add

to patient risk. What is needed, therefore, is an

external defibrillation method and apparatus that

maximizes energy efficiency (to minimize the size of the

required energy storage medium) and maximizes therapeutic

35 efficacy across an entire population of patients.

101065.1
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Summary of the Invention

This invention provides an external

defibrillator and defibrillation method that

automatically compensates for patient-to-patient

5 impedance differences in the delivery of

electrotherapeutic pulses for defibrillation and

cardioversion. In a preferred embodiment, the

defibrillator has an energy source that may be discharged

through electrodes on the patient to provide a biphasic

10 voltage or current pulse. In one aspect of the

invention, the first and second phase duration and

initial first phase amplitude are predetermined values.

In a second aspect of the invention, the duration of the

first phase of the pulse may be extended if the amplitude

15 of the first phase of the pulse fails to fall to a

threshold value by the end of the predetermined first

phase duration, as might occur with a high impedance

patient. In a third aspect of the invention, the first

phase ends when the first phase amplitude drops below a

20 threshold value or when the first phase duration reaches

a threshold time value, whichever comes first, as might

occur with a low to average impedance patient. This

method and apparatus of altering the delivered biphasic

pulse thereby compensates for patient impedance

25 differences by changing the nature of the delivered

electrotherapeutic pulse, resulting in a smaller, more

efficient and less expensive defibrillator.

Brief Description of the Drawings

30 Figure 1 is a schematic representation of a

low-tilt biphasic electrotherapeutic waveform according

to a first aspect of this invention.

Figure 2 is a schematic representation of a

high-tilt biphasic electrotherapeutic waveform according

-35 to the first aspect of this invention.

1006.
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Figure 3 is a flow chart demonstrating part of

an electrotherapy method according to a second aspect of

this invention.

Figure 4 is a schematic representation of a

5 biphasic waveform delivered according to the second

aspect of this invention.

Figure 5 is a schematic representation of a

biphasic waveform delivered according to the second

aspect of this invention.

10 Figure 6 is a flow chart demonstrating part of

an electrotherapy method according to a third aspect of

this invention.

* Figure 7 is a schematic representation of a

biphasic waveform delivered according to the third aspect

15 of this invention.

Figure 8 is a schematic representation of a

biphasic waveform delivered according to the third aspect

of this invention.

Figure 9 is a flow chart demonstrating part of

20 an electr-ztherapy method according to a combination of

the second and third aspects of this invention.

Figure 10 is a block diagram of a defibrillator

system according to a preferred embodiment of this

invention.

25 Figure 11 is a schematic circuit diagram of a

defibrillator system according to a preferred embodiment

of this invention.

Detailed Description of the Preferred Embodiment

30 Figures 1 and 2 illustrate the patient-to-

patient differences that an external defibrillator design

must take into account. These figures are schematic

representations of truncated exponential biphasic

waveforms delivered to two different patients from an

35 external defibrillator according to the electrotherapy

method of this invention for defibrillation or

101065.1
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cardioversion. In these drawings, the vertical axis is

voltage, and the horizontal axis is time. The principles

discussed here are applicable to waveforms described in

terms of current versus time as well, however.

5 The waveform shown in Figure 1 is called a low-

tilt waveform, and the waveform shown in Figure 2 is

called a high-tilt waveform, where tilt H is defined as a

percent as follows:

H76= IA!-!DI X 100

As shown in Figures 1 and 2, A is the initial first phase

10 voltage and D is the second phase terminal voltage. The

f'irst phase terminal voltage B results from the

exponential decay over time of the initial voltage A

through the patient, and the second phase terminal

voltage D results from the exponential decay of the

15, second phase initial voltage C in the same manner. The

starting voltages and first and second phase durations of

the Figure 1 and Figure 2 waveforms are the same; the

differences in end voltages B and D reflect differences

in patient impedance.

20 Prior art disclosures of the use of truncated

exponential biphasic waveforms in implantable

defibrillators have provided,little guidance for the

design of an external defibrillator that will achieve

acceptable defibrillation or cardioversion rates across a

25 wide population of patients. The defibrillator operating

voltages and energy delivery requirements affect the

size, cost, weight and availability of components. In

particular, operating voltage requirements affect the

choice of switch and capacitor technologies. Total

30) energy delivery requirements affect defibrillator battery

and capacitor choices.

We have determined that, for a given patient,

externally-applied truncated exponential biphasic

101065.1
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waveforms defibrillate at lower voltages and at lower

total delivered energies than externally-applied

monophasic waveforms. In addition, we have determined

that there is a complex relationship between total pulse

5 duration, first to second phase duration ratio, initial

voltage, total energy and total tilt.

Up to a point, the more energy delivered to a

patient in an electrotherapeutic pulse, the more likely

the defibrillation attempt will succeed. Low-tilt

10 biphasic waveforms achieve effective defibrillation rates

with less delivered energy than high-tilt waveforms.

However, low-tilt waveforms are energy inefficient, since

much of the stored energy is not delivered to the

patient. On the other hand, defibrillators delivering -

15 high-tilt biphasic waveforms deliver more of the stored

energy to the patient than defibrillators delivering low-

tilt waveforms while maintaining high efficacy up to a

certain critical tilt value. Thus, for a given

capacitor, a given initial voltage and fixed phase

20 durations, high impedance patients receive a waveform

with less total energy and lower peak currents but better

conversion properties per unit of energy delivered, and

low impedance patients receive a wavefo* m with more

delivered energy and higher peak currents. There appears

25 to be an optimum tilt range in which high and low

impedance patients will receive effective and efficient

therapy. An optimum capacitor charged to a predetermined

voltage can be chosen to deliver an effective and

efficient waveform across a population of patients having

310 a variety of physiological differences.

This invention is a defibrillator and

defibrillation method that takes advantage of this

relationship between waveform t4lt and total energy

delivered in high and low impedance patients. In one

35 aspect of the invention, the defibrillator operates in an

open loop, i.e., without any feedback regarding patient

1006.
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impedance parameters and with preset pulse phase

durations. The preset parameters of the waveforms shown

in Figure 1 and 2 are therefore the initial voltage A of

the first phase of the pulse, the duration E of the first

5 phase, the interphase duration G, and the duration F of

the second phase. The terminal voltage B of the first

phase, the initial voltage C of the second phase, and the

terminal voltage D of the second phase are dependent upon

the physiological parameters of the patient and the

10 physical connection between the electrodes and the

patient.

For example, if the patient impedance (i.e.,

the total impedance between the two electrodes) is high,

the amount of voltage drop (exponential decay) from the.

15 initial voltage A to the terminal voltage B during time E

will be lower (Figure 1) than if the patient impedance is

low (Figure 2). The same is true for the initial and

terminal voltages of the second phase during time F. The

values of A, E, G and F are set to optimize

20 defibrillation and/or cardioversion efficacy across a

population of patients. Thus, high impedance patients

receive a low-tilt waveform that is more effective per

unit of delivered energy, and low impedance patients

rece).ve a high-tilt waveform that delivers more of the

25 stored energy and is therefore more energy efficient.

Another feature of biphasic waveforms is that

waveforms with relatively longer first phases have better

conversion properties than waveforms with equal or

shorter first phases, provided the total duration exceeds

30 a critical minimum. Therefore, in the case of high

impedance patients, it may be desirable to extend the

first phase of the biphasic waveform (while the second

phase duration is kept constant) to increase the overall

efficacy of the electrotherapy by delivering a more

35 efficacious waveform and to increase the total amount of

energy delivered. Figures 3-5 demonstrate a
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defibrillation method according to this second aspect of

the invention in which information related to patient

impedance is fed back to the defibrillator to change the

parameters of the delivered electrotherapeutic pulse.

5 Figure 3 is a flow chart showing the method

steps following the decision (by an operator or by the

defibrillator itself) to apply an electrotherapeutic

shock to the patient through electrodes attached to the

patient and charging of the energy source, e.g., the

10 defibrillator's capacitor or capacitor bank, to the

initial first phase voltage A. Block 10 represents

initiation of the first phase of the pulse in a first

polarity. Discharge may be initiated manually by the

user or automatically in response to patient heart

15 activity measurements (e.g., ECG signals) received by the

defibrillator through the electrodes and analyzed by the

defibrillator controller in a manner known in the art.

Discharge of the first phase continues for at

least a threshold time tTLEH as shown by block 12 of

20 Figure 3. If, at the end of time tTHRFSH1 the voltage

measured across the energy source has not dropped below

the minimum first phase terminal voltage threshold VT1.m 8 ,

first phase discharge continues, as shown in block 14 of

Figure 3. For high impedance patients, this situation

25 results in an extension of the first phase duration

beyond tTRLH, as shown in Figure 4, until the measured

voltage drops below the threshold VTHVH. Discharge then

ends to complete the first phase, as represented by block

16 of Figure 3. If, on the other hand, the patient has

310 low impedance, the voltage will have dropped below VTH

when the time threshold is reached, resulting in a

waveform like the one shown in Figure 5.

At the end of the first phase, and after a

predetermined interim period G, the polarity of the

35 energy source connection to the electrodes is switched,

as represented by blocks lB and 20 of Figure 3.

( ) 101065.1
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Discharge of the second phase of the biphasic pulse then

commences and continues for a predetermined second phase

duration F, as represented by block 26 of Figure 3, then

ceases. This compensating electrotherapy method ensures

5 that the energy is delivered by the defibrillator in the

most efficacious manner by providing for a minimum

waveform tilt and by extending the first phase duration

to meet the requirements of a particular patient.

Because this method increases the waveform tilt

10 for high impedance patients and delivers more of the

energy from the energy source than a method without

compensation, the defibrillator's energy source can be

smialler than in prior art external defibrillators,

thereby minimizing defibrillator size, weight and-

15 expense. It should be noted that the waveforms shown in

Figures 4 and 5 could be expressed in terms of current

versus time using a predetermined current threshold value

without departing from the scope of the invention.

Figures 6-8 illustrate a third aspect of this

20 invention that prevents the delivered waveform from

exceeding a maximum tilt (i.e., maximum delivered energy)

in low impedance patients. As shown by blocks 52 and 54

in Figure 6, the first phase discharge stops either at

the end of a predetermined time tTMLFH or when the f irst

25 phase voltage drops below V'TMtEH. The second phase

begins after an interim period G and continues for a

preset period F as in the second aspect of the invention.

Thus, in high impedance patients, the first phase ends at

time tTMUIS5H, even if the voltage has not yet fallen below

30 VITHmH, as shown in Figure 7. In low impedance patients,

on the other hand, the first phase of the delivered

waveform could be shorter in duration than the time

tTREH1as shown in Figure 8.
Once again, the waveforms shown in Figures 7

35 and 8 could be expressed in terms of current versus time

IO0MS.l
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using a predetermined current threshold value without

departing from the scope of the invention.

Figure 9 is a flow chart illustrating a

combination of the defibrillation methods illustrated in

5 Figures 3 and 6. In this combination method, the first

phase of the biphasic waveform will end if the voltage

reaches a first voltage threshold V'TMtEH prior to the

first phase duration threshold tTMtH, as shown by blocks

91 and 92. This defibrillator decision path delivers a

10 waveform like that shown in Figure 8 for low impedance

patients. For high impedance patients, on the other

hand, if at the expiration of tTmtuH the voltage has not

fallen below V'TMESH, the duration of the first phase is
extended beyond tTHREH until the voltage measured across.

15 the electrodes reaches a second voltage threshold VTHxOH,

as shown in decision blocks 91 and 93. This

defibrillator method path will deliver a waveform like

that shown in Figure 4.

In alternative embodiments of this invention,

20 the second phase pulse could be a function of the first

phase voltage, current or time instead of having a fixed

time duration. In addition, any of the above embodiments

could provide for alternating initial polarities in

successive monophasic or biphasic pulses. In other

25 words, if in the first biphasic waveform delivered by the

system the first phase is a positive voltage or current

pulse followed by a second phase negative voltage or

current pulse, the second biphasic waveform delivered by

the system would be a negative first phase voltage or

30 current pulse followed by a positive second phase voltage

or current pulse. This arrangement would minimize

electrode polarization, i.e., build-up of charge on the

electrodes.

For each defibrillator method discussed above,

35 the initial first phase voltage A may be the same for all

patients or it may be selected automatically or by the

10o065.1
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defibrillator user. For example, the defibrillator may

have a selection of initial voltage settings, one for an

infant, a second f or an adult, and a third for use in

open heart surgery.

5 Figure 10 is a schematic block diagram of a

defibrillator system according to a preferred embodiment

of this invention. The defibrillator system 30 comprises

an energy source 32 to provide the voltage or current

pulses described above. In one preferred embodiment,

10 energy source 32 is a single capacitor or a capacitor

bank arranged to act as a single capacitor. A connecting

mechanism 34 selectively connects and disconnects energy

source 32 to and from a pair of electrodes 36

electrically attached to a patient, represented here as,a

15 resistive load 37. The connections between the

electrodes and the energy source may be in either of two

polarities with respect to positive and negative

terminals on the energy source.

The defibrillator system is controlled by a

20 controller 28. Specifically, controller 38 operates the

connecting mechanism 34 to connect energy source 32 with

electrodes 36 in one of the two polarities or to

disconnect energy source 32 from electrodes 36.

Controller 38 receives timing information from a timer

25 40, and timer 40 receives electrical information from

electrical sensor 42 connected across energy source 32.

In some preferred embodiments, sensor 42 is a voltage

sensor; in other preferred embodiments, sensor 42 is a

current sensor.

30 Figure 11 is a schematic circuit diagram

illustrating a device according to the preferred

embodiments discussed above. Defibrillator controller 70

activates a high voltage power supply 72 to charge

storage capacitor 74 via diode 76 to a predetermined

35 voltage. During this period, switches SWI, SW2, SW3 and

SW4 are turned of f so that no voltage is applied to the
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patient (represented here as resistor 78) connected

between electrodes 80 and 82. SWS is turned on during

this time.

After charging the capacitor, controller 70 de-

5 activates supply 72 and activates biphase switch timer

84. Timer 84 initiates discharge of the first phase of

the biphasic waveform through the patient in a first

polarity by simultaneously turning on switches SW1 and

SW4 via control signals Ti and T4, while switch SW5

10 remains on to deliver the initial voltage A through

electrodes 80 and 82 to the patient 78.

Depending on the operating mode, delivery of

the first phase of the biphasic pulse may be terminated

by the timer 84 after the end of a predetermined period.

15 or when the voltage across the electrodes has dropped

below a predetermined value as measured by comparator 86.

Timer 84 terminates pulse delivery by turning off switch

SW5 via control signal T5, followed by turning off

switches SWl and SW4. The voltage across electrodes 80

20 and 82 then returns to zero.

During the interim period G, SW5 is turned on

to prepare for the second phase. After the end of

interim period G, timer 84 initiates delivery of the

second phase by simultaneously turning on switches SW2

25 and SW3 via control signals T2 and T3 while switch SW5

remains on. This configuration applies voltage from the

capacitor to the electrodes at an initial second phase

voltage C and in a polarity opposite to the first

polarity. Timer 84 terminates delivery of the second

30 phase by turning of f switch SW5 via control signal T5,

followed by turning of f switches SW2 and 5W3. The second

phase may be terminated at the end of a predetermined

period or when the voltage measured by comparator 86

drops below a second phase termination voltage threshold.

35 In a preferred embodiment, switch SW5 is an

insulated gate bipolar transistor (IGBT) and switches
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SWl-SW4 are silicon-controlled rectifiers (SCRS). The

SeaS are avalanche-type switches which can be turned on

to a conductive state by the application of a control

signal, but cannot be turned of f until the current

5 through the switch falls to zero or near zero. Thus, the

five switches can be configured so that any of the

switches SWl-SW4 will close when SW5 is closed and will

reopen only upon application of a specific control signal

to S115.

10 This design has the further advantage that

switch SW5 does not need to withstand the maximum

capacitor voltage. The maximum voltage that will be

applied across switch SW5 will occur when the first phase

is terminated by turning SW5 off,g at which time the

15 capacitor voltage has decayed to some fraction of its

initial value.

Other switches and switch configurations may be

used, of course without departing from the scope of the

invention. In addition, the defibrillator configurations

20 of Figures 10 and 11 may be used to deliver electric

pulses of any polarity, amplitude, and duration singly

and in any combination.

While the invention has been discussed with

reference to external defibrillators, one or more aspects

25 of the invention would be applicable to implantable

defibrillators as well. other modifications will be

apparent to those skilled in the art.
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What is claimed is:

14A thod f or applying electrotherapy to a

patient from a sour a external to the patient, the method

5 comprising the follo ing steps:

placing tw electrodes on a patient, the

electrodes being elec rically connected in a first

polarity to an energy ource external to the patient;

charging the nergy source to an energy level

10 corresponding to a firs start amplitude;

discharging th energy source across the

electrodes, the discharg g step automatically

compensating for the pati nt impedance of the patient on

whom the electrodes are p1 ced;

15 reversing the po, i of connection of the

energy source to the elec es to a second polarity; and

discharging the gy source across the

electrodes.

20 2. The method of laim 1 wherein the

discharging step automatically compensates for patient

impedance by adjusting the disc,arge duration.

3. The method of cla m 1 wherein the

25 discharging step automatically co Ipensates for patient

impedance by adjusting the first ind amplitude.

,,'A method for applyi electrotherapy to a

patient through electrodes external to a patient, the

30 electrodes being electrically connec ad in a first

predetermined polarity to an energy ource charged to an

initial level, the method comprising he following step:

discharging the energy sourc across the

electrodes until the end of a predeter ined time period

35 and until an electrical unit measured a'ross the

electrodes decays to a predetermined te inal level.
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5. T~e method of claim 4 further comprising
the :following stt ps after the first discharging step:

reversing the polarity of connection of the

energy source to Abe electrodes to a second polarity; and

5 discharg'ng the energy source across the

electrodes.

6. The ethod of claim 5 wherein the

discharging step in he reversed polarity continues for a

10 second predetermined time period.

7. The me od of claim 5 wherein the

discharging step in th reversed polarity continues until

an electrical unit meca red across the electrodes decays

15 to a second predetermin terminal level.

8. The met f claim 5 wherein the duration

of the discharging ste i the reversed polarity is a

function of the duration' f the first discharging step.

20C

9. The method f claim 4 wherein the energy

source is a voltage source nd the measured electrical

unit is voltage.

25 10. The method of claim 9 wherein the voltage

source comprises a capacitor.

Ai< A method for ap lying electrotherapy to a
-patient through electrodes exte nal to a patient, the

3D electrodes being electrically c nnected in a first

predetermined polarity to an ene gy source, the method

comprising the following steps:

(1) charging the energy source to an initial

level;

35 (2) discharging the ener y source across the

electrodes;
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(3) rev4rsing the polarity of connection of the

energy source to the electrodes to a second polarity and

repeating steps (1) and (2) f or successive electrotherapy

applications to the same patient.

5

1 A met d for applying electrotherapy to a

patient through elect odes external to a patient, the

electrodes being conne ted in a polarity to an energy

source, the method corn ising the following steps:

10 (1) charging he energy source to an initial

level;

(2) dischargin the energy source across the

electrodes;

(3) reversing t polarity of connection of tbe

15 energy source to the elec des;

(4) discharging energy source across the

electrodes; and

(5) repeating st (1) - (4) for successive

electrotherapy applications t the same patient, thereby

20 alternating the initial polar 'ty of successive waveforms.

3<A method for app ying electrotherapy to a

patient from a source external ~othe patient, the method

comprising the following steps:

25 placing two electrodes \na patient, the

electrodes being electrically con ected inafirst

polarity to an energy source exter al to the patient;

charging the energy sour8f- to an energy level

corresponding to a first start ampl tude;

30 discharging the energy source across the

electrodes at a first phase start ti- e;measuring the time easdrmthe first phase

start time; \
stopping the energy sourc d charge when the

35 time elapsed reaches a first predete:rmi ted time period;
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reversing the pol rity of connection of the

energy source to the electr des; and

discharging the e rgy source for a second

predetermined time period.

5

14. The method of laim 13 wherein the energy

source is a capacitor.

1- JlA method for applying electrotherapy to a

10 patient through electrodes external to a patient, the

electrodes being electrically connected in a

predetermined polarity to an energy source charged to an

initial level, the method comprising the following step$:

discharging the energy source across the

15 electrodes in the predetermined polarity until the end of

a predetermined time period or until an electrical unit

measured across the electrodes decays to a predetermined

terminal level, whichever occurs first.

20 The method of claimy<further comprising

the fo llo4lng steps after the first discharging step:

reversing the polarity of connection of the

energy source to the electrodes; and

discharging the energy source across the

25 electrodes in the reversed polarity.

The method of claim kwherein the

dischargi gstep in the reversed polarity continues for a

second predetermined time period.

30 The method of claim'/%6 wherein the

dischargfng step in the reversed polarity continues until

an electrical unit measured across the electrodes decays

to a second predetermined terminal level.

3 5
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The method of claim ,1'twherein the

duration of the discharging step in the reversed polarity

is a function of the duration of the first discharging

step.

5lweri

P1 The method of claim Weinthe
measured electrical unit decays to a first phase end

value at the end of the first discharging step, the

duration of the discharging step in the reversed polarity

10 being a function of the first phase end value.

The method of claim /wherein the energy

source is a voltage source and the measured electrical

unit is voltage.

15 The method of claim
1)! wherein -the voltage

source a capacitor.

rJ< An apparatus or administering

20 electrotherapy to a patient' heart through electrodes

external to the patient comprising:

an energy source;

first and second el trodes adapted to make

electrical contact with a pat t

25 a controller contro g application of

electrical energy from the en y source to the

electrodes, the controller corn ising

a timer for gene ting a timing signal

corresponding to the a plication of electrical

30 energy from the energy ource to the

electrodes, and

means for selectiv ly connecting the

energy source to the el trodes in a first

polarity and in a second polarity.

W9- 1005.1
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24. The pparatus of claim 23 wherein the

controller further omprises means f or measuring an

electrical unit of t e energy source applied across the

electrodes and for g nerating a signal corresponding to

5 the measured electric 1 unit.

25. The app ratus of claim 24 wherein the

energy source is a vol age source and the measured

electrical unit is volt ge.

10

26. The appar tus of claim 25 wherein the

voltage source comprises a capacitor.

27. The appara u of claim 24 wherein the

15 energy source is a curre s ce and the measured

electrical unit is curren

28. The apparat 4  of claim 24 wherein the

controller further comprises threshold means for

20 determining whether th mesred electrical unit signal

is less than a predetermined hreshold value.

29. The apparatus o claim 28 wherein the

means for selectively connecti g comprises a first switch

25 for connecting a first terminal of the energy source with

the first electrode; a second s itch for connecting the

first terminal of the energy sou ce with the second

electrode; a third switch for co ecting the first
electrode with a junction; a four h switch for connecting

30 the second electrode with the jun ion; and a fifth

switch for connecting the junction with the second

terminal of the energy source.

An apparatus for admi istering

35 electrotherapy to a patient's heart omprising:
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a voltage ource having first and second

terminals;

first and s cond electrodes adapted to make

electrical contact wit a patient; and

5 a controller controlling application of voltage

from the voltage source to the electrodes, the controller

comprising means for sel ctively connecting the voltage

sour e t the ele troes in a first polarity and 
in a

second polarity, the men for selectively connecting

10 comprising

a first swi ch for connecting the first

terminal of the ltage source with the first

electrode;

a second swit h for connecting the first,

15 -terminal of the vo age source with the second

electrode;

a third switc r connecting the first

electrode with a j tion;

a fourth switch or connecting the second

20 electrode with the ju tion; and

a fifth switch fo connecting the junction

with the second termina of the voltage source.

31. The apparatus of cl im 30 wherein the

25 fifth switch is an insulated gate *ipolar transistor.

32. The apparatus of clai 31 wherein the

first, second, third and fourth swit es are silicon

controlled rectifiers.

310

25 _ An external defibrillat r comprising:

an energy source;

first and second electrodes a pted to make

electrical contact with external sites o a patient;
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a controller co rolling application of

electrical energy from the energy source to the

electrodes, the controller omprising

a timer for enerating a timing signal

5 corresponding to e application of electrical

energy from the en rgy source to the

electrodes, and

means for sel tively connecting the

energy source to t electrodes in a first

10 polarity for a first predetermined time period

and in a second pola ity for a second

predetermined time pe iod.

34. The apparatus of laim 33 wherein the

15 energy source comprises a capaci r.
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Attorney Docket No. 241082000600

COMBINED DECLARATION AND POWER OF ATTORNEY
FOR UTILITY PATENT APPLICATION

AS A BELOW-NAMED INVENTOR, I HEREBY DECLARE THAT:
My residence, post office address and citizenship are as stated below next to my name.

I believe I am the original, first and sole inventor (if only one name is listed below) or an
original, first and joint inventor (if more than one name is listed below) of the subject matter
which is claimed and for which a patent is sought on the invention entitled:
ELECTROTHERAPY METHOD AND APPARATUS, the specification of which

(check one) -_ is attached hereto

X was filed on August 6, 1993

as application serial no. 08/103,837 and was amended on _______ (if applicable).

I HAVE REVIEWED AND UNDERSTAND THE CONTENTS OF THE ABOVE-
IDENTIFIED SPECIFICATION, INCLUDING THE CLAIMS, AS AMENDED BY ANY
AMENDMENT REFERRED TO ABOVE.

I acknowledge and understand that I am an individual who has a duty to disclose information
which is material to the patentability of the claims of this application in accordance with Title
37, Code of Federal Regulations, §§ 1.56(a) and (b) which state:

"(a) A patent by its very nature is affected with a public interest. The public
interest is best served, and the most effective patent examination occurs when,
at the time an application is being examined, the Office is aware of and
evaluates the teachings of all information material to patentability. Each
individual associated with the filing and prosecution of a patent application has
a duty of candor and good faith in dealing with the Office, which includes a
duty to disclose to the Office all information known to that individual to be
material to patentability as defined in this section. The duty to disclose
information exists with respect to each pending claim until the claim is
cancelled or withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a claim that is
cancelled or withdrawn from consideration need not be submitted if the
information is not material'to the patentability of any claim remaining under
consideration in the application. There is no duty to submit information which
is not material to the patentability of any existing claim. The duty to disclose
all information known to be material to patentability is deemed to be satisfied
if all information known to be material to patentability of any claim issued in a
patent was cited by the Office or submitted to the Office in the manner
prescribed by §§ 1.97(b)-(d) and 1.98. However, no patent will be granted on
an application in connection with which fraud on the Office was practiced or
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attempted or the duty of disclosure was violated through bad faith or
intentional misconduct. The Office encourages applicants to carefully
examine:

(1) prior art cited in search reports of a foreign patent office in a
counterpart application, and

(2) the closest information over which individuals associated with the
filing or prosecution of a patent application believe any pending claim
patentably defines, to make sure that any material information contained
therein is disclosed to the Office.

(b) Under this section, information is material to patentability when it is not
cumulative to information already of record or being made of record in the
application, and

(1) It establishes, by itself or in combination with other information, a
prima facie case of unpatentability of a claim; or

(2) It refutes, or is inconsistent with, a position the applicant takes in:
(i) Opposing an argument of unpatentability relied on by the

Office, or
(ii) Asserting an argument of patentability.

A prima facie case of unpatentability is established when the information
compels a conclusion that a claim is unpatentable under the preponderance of
evidence, burden-of-proof standard, giving each term in the claim its broadest
reasonable construction consistent with the specification, and before any
consideration is given to evidence which may be submitted in an attempt to
establish a contrary conclusion of patentability."

I do not know and do not believe this invention was ever known or used in the United States
of America before my or our invention thereof, or patented or described in any printed
publication in any country before my or our invention thereof or more than one year prior to
said application. This invention was not in public use or on sale in the United States of
America more than one year prior to this application. This invention has not been patented
or made the subject of an inventor's certificate issued before the date of this application in
any country foreign to the United States of America on any application filed by me or my
legal representatives or assigns more than six months prior to this application.

I hereby appoint the following attorneys and agents to prosecute that application and to
transact all business in the Patent and Trademark Office connected therewith and to file, to
prosecute and to transact all business in connection with all patent applications directed to the
invention:
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1 hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprison ment, or both, under § 100 1 of Title 18 of the United
States Code and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

Full.Name
(-4b)

Inventor: BRADFORD E. GLINER

Signature: Date _ _ _ _

Residence: Blleue, Washington
Citizenship: U.S.A.
Post Office Address: 3020 128th Avenue N.E., Bellevue, WA 98005

10L784 1.L
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Full Name Inventor: THOMAS D. LYSTER

Signature: 'Kr Date_c/_-_

Residence: Bothell, WashingtonIJ
Citizenship: U.S.A.
Post Office Address: 23309 21st Avenue S.E., Bothell, WA 98021

Full Name Inventor: CLINTON S. COLE

'2
.4)Ut~7I / I,_ J Date. L

Residence: Kirkland, Washington O~J4
Citizenship: US.A.
Post Office Address: 11417 N.E. 100th, Kirkland, WA 98033

Full Name Inventor:.ANE J. POWERS

Signature: (DZ \Qtyitt-t Date _ _ _

Residence: Bainbridge Island, Washington 00
CiizenshipTUAT
Post Office Address: 10797 Bill Point View N.E., Bainbridge Island, WA 98110

Full Name Inventor: CARLTON B. MORGAN

Cuts &LCLG~ Date I-'k_

(3t
Residence: Bainbridge Island, Washington af
Citizenship.-U.S-K.
Post Office Address: 4143 Palomino Drive N.E., Bainbridge Island, WA 981180

107841.1

Signature: -

Signature:
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Applicant Or Patentee: I- )FORDl E. GLINER et al. Attorney 218000
Serial or Patent No.: 08/103.837 2o4108o. 000600__
Filed or issued: August 6. 1993 Dce o.
For: - ELECTROTHERAPY METHOD AN) APPARATII.rs

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS
37CFR 1.9(f) and 1.2(c) -SMALL BUSINESS CONCERN

I hereby declare that I am

[ the owner of the small business concern identified below:
r4an official of the smnall business concern empowered to act on behalf of the concern identified

below:

NAME OF CONCERN HEARTSTREAM, INC.
ADDRESS OF'CONCERNMarket Place Tower, Suite 610. 2025 First Avenue.

Seattle, WA 98121

1 hereby declare that the above identifled small business concern qualifies as a small business concern as
defined in 13 CFIR 121.3-16, and repboduced in 37 CFR 1.4(d), for purposes of paying reduced Ies under
section 41(a) and (b) of Title 38. United States Code, in thiatthe numbter of employees of the concern.
including those of itS affilattes. does not exceed 500 persons. For purposes of this statement. (1) the
number of employees of the business concern is the average over the previous fiscal year of tile concern ot
the person employed on a full-time, part-time or temporary basis during each of the pay periods of the fiscal
year, and (2) concerns are affillates of each other when either, directly or indirectly, onle concern Controls or
has the power to control the other, or a third party or parties controls or has the power to condtol both.

I hereby declare that rights under contract or law have been conveyed to y&?r,m4n with the small
business concern identified above with regard to the invention, entitled UTROTH ERAPY HIETHOD

AND APPARATUS by inventor(s)
Bradford E. Gliner. Thomas D. Lvster. Clinton S. Cola. Dani,pl T. Pn,Jprq and

Carlton B. Morgan
described in

[)the speoificoton fifed herwih
f Vappication swnatno.- 08/103,837 filed August 6, 1993

Hpatentno issued __ _ _ _ _

If the rights held by the above identified small business concern are not exclusive, each individual,
concern or organization having rights to the invention is listed below* and no rights to the invention
are held by any person, other than the inventor, who could not quality as an independent inventor if
that person made the Invention under 37 CFR 1 .9(c) or by any concern which would not Quality as a
small business concern under 37 CFR 1.9(d) or by a nonprofit organization under 37 CFR 1.91e).
*NOTE: Separat verified statements are required from each named person, concern or organization
having rights to the invention averring to their status as small entities. (37 CFR 1.27)

NAME
ADDRESS

[INDIVIDUAL [jSMALL BUSINESS CONCERN [INONPROFIT ORGANIZATION

NAME
ADDRESS

(~INDIVIDUAL.( SMALL BUSINESS CONCERN (INONPROFIT ORGANIZATION

I acknowledge the duty to file, in this applcation or patent, notification of any Change in status resulting in
loss of entitlement to Small en tit atusn pdlor to paying, org mte time of paying, the eiarliest of the issue fee
or any maintenance fee due after the date on which status as a "ws entity is no longer appropriate. (37
CFR 1.28(b)]

I hereby declare that an Statemenfts made herein of miy own kNwledg are trne and that al stiearintnts
made an information and belief ame beloved to be true; anid further that mhese statelments were mace with
the knowledgel that willtul false StateMnts and the like so made awe punishale by fine or impnsonfirit. or

un'i ,wk.ii. I CX1 .5i 744 16 i in-.%; iiin. r Gliiiis c4d. anuj fili iuchi ilhuit at" scatewngnm! 0. W?N
jeopardize the validlty of the aWlicatiOr, any patent issuing thereon, or anty patent to which this venh%r!
statement is directed.

NAME OF PERSON SIGNING 68 Q7XD i. 12 9
TITL.EOF PERSON OTHER THAN OWNER QTGCL E h5F" -
ADDIRESS OF PERSON SIGNING Market Place Tower. Suite 610. 2025 First

Avenue, Seatw le, Washingt n,98121 .-

SIGNATURE t~ ~DATE 9/ 9 /53.
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Morrison & Foerster LLP

345 California Sttf
San Francisco, C alifornia 94104-2675

CERTIFICATE OF MAILING BY "EXPRESS MAIL"

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

37 C.F.R. § 1.60
REQUEST FOR FILING

DIVISIONAL APPLICATION

Box PATENT APPLICATION
Assistant Commissioner for Patents
Washington, D.C. 20231

&eer ~
~< Th7Zhatt

Pytt 1'

Dear Sir:

This is a Request for filing a Divisional application under 37 C.F.R. § 1.60 of prior

application Serial No. 08/103,837, filed on August 06, 1993, entitled ELECTROTHERAPY

METHOD AND APPARATUS by the following inventor:

PULL NAME FAMILY NAME FIRST GrINNAME SECOND GIN NAME

OF INVENTOR Gliner Bradford E.
FULL NAMvE FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME

OF INVENTOR Lyster Thomas D.

FULL NAME FAMILY NAME FIRSTOrGINNAME SECOND GIVEN NAM

OF mNTNToR Cole Clinton S.

FULNAME FAMILY NAME FIRT GIVEN4NAM]E SE3COND GIVE NAME

OFrNENTOR Powers Daniel J.i

sf-85370

Express Mail Label No.: EM22 13081 63US Dt fDpst erayj,19

I hereby c:ertify that this paper or fee is being deposited with the United States Postal Service "Express Mail Post Office to Addressee" service
under 37 C F.R. § 1 10 on the date indicated abo AXnt7 = iissoner for Patents, Washington, DC. 2023 1.

Andrew R. Schmidt

Date of Deposit: February A, 1996
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FULL. NAME FAIYNAME FIRTrGIENNAMF SECOND GIVEN NAM

LZZINNNTOR IMorgMn Carlton B.

I! Eniclosed is a true copy of the prior complete application as filed including the

specification (with claims), drawings and inventor signed oath or declaration (including

any amendments referenced therein). I hereby verify that the attached papers are a true

copy of the latest inventor signed prior application serial no. 08/103,837 as originally

filed on August 6, 1993, and that any amendments referred to in the declaration and oath

did not introduce new matter. Further I hereby verify that all statements made herein of

his/her own knowledge are true and that all statements made on information and belief

are believed to be true; and further that these statements were made with the knowledge

that willful false statements and the like so made are punishable by fine or imprisonment,

or both, under section 1001 of Title 18 of the United States Code and that such willful

false statements may jeopardize the validity of the application or any patent issuing

thereon.

Iii A verified statement(s) of small entity status was filed in prior application serial no.

08/103,837, filed on August 6, 1993 (copy enclosed).

IXI The filing fee is calculated below:

VRNUt MMO LED NUMBERE~XTRA RATE CALCULATIONS

TOTAL CLAIMS 18 -20 = 0 x $22.00 $0

INDEPENDENT CLAIMS 2-3 = 0 x $78.00 $0

MULTIPLE DEPENDENT CLAIM(S) (if applicable) $250.00

BASIC FEE $750.00

TOTAL OF AB3OVE CALCULATIONS =

Reduction by 1/2 for filing by small entity (Note 37 C.FR. §§ 1.9, 1.27, 1.28).
If applicable, verified statement must be attached.

$750.00

$375.00

TOTAL = 1 $375.00 1

9X A check in the amount of $375.00 is enclosed.

Rule 60 Divisional of Serial No 08/103,837
Docket No 2410820006 10

sf-85370
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9 'Ihe Assistant.Commissioner is hereby authorized to charge any fees under

37 C.F.R. §§ 1.16 or 1.17 which may be required by this paper, or to credit any

overpayment to Deposit Account No. 03-1952. A duplicate copy of this sheet is

enclosed.

[9! Cancel in this application original claims -14 and 23" Of the prior application before

calculating the filing fee.

09 Amend the specification by inserting before the first line the sentence:

-This application is a divisional of application serial no. 08/103,837 filed August 06,
A 1993.--

o Transfer the drawings from the pending prior application to 'this applicafi-ori abmxn----~

said prior application as of the filing date accorded this application. A duplicate copy of

this sheet is enclosed for filing in the prior application file.

o New formal drawings are enclosed.

0 Priority of foreign application serial no. *, filed on * in * is claimed under

35 U.S.C. § 119.

o The certified copy of the priority application * [is enclosed/has been filed in prior

application serial no. *, filed on*]

o A certified copy has NOT yet been filed.

IM! The prior application is assigned of record to Heartstream, Inc.

9I A preliminary amendment is enclosed.

9i The power of attorney in the prior application is to:

Thomas E. Ciotti (Reg No 21,013) Kate H. Murashige (Reg No 29,959)
Gladys H. Monroy (Reg No 32,430) Debra Shetka (Reg No 33,309)
Paul Schenck (Reg No 27,253) E. Thomas Wheelock (Reg No 28,825)
Freddie K. Park (Reg No 35,636) Susan K. Lehnhardt (Reg No 33,943)
Paul C. Kimball (Reg No 34,641) Patricia M. Drost (Reg No 29,790)
Shmuel Livnat (Reg No 33,949) Cecily Anne Snyder (Reg No 37,448)
James R. Shay (Reg No 32,062)

09 The power appears in the original papers in the prior application.

3 Rule 60 Divisional of Serial No 08/103,837
Docket No 2410820006 10

sf-85370 PA
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0i Recognize as Associate Attorney(s):

Tyler Dylan (Reg No 37,612)
Reid 0. Adler (Reg No 30,988)
Antoinette F. Konski (Reg No 34,202)
Stuart P. Kaler (Reg No 35,913)
Robert Saltzberg (Reg No 36,910)
Mani Adeii (Reg No P39,585)
Sean Brennan (Reg No P39,917)
J. Michael Schiff (Reg No P40,25 3)
Robert K. Cerpa (Reg No P39,933)

Carol M. LaSalle (Reg No P39,740)
Gary A. Green (Reg No 38,474)
Harry J. Macey (Reg No 32,818)
David L. Bradfute (Reg No 39,117)
Laurie Axford (Reg No 35,053)
Catherine M. Polizzi (Reg No P40,130)
James C. Peacock III (Reg No P40,124)
Robert A. Millman (Reg No 36,217)
Ronald D. Devore (Reg No P39,95 8)

19 Address all future communications to:

Stuart P. Kaler
Morrison & Foerster wup
345 California Street-
San Francisco, California 94 104-2675

Dated: February IT -99

Respectfully submitted,

By. 2- Z " c
Stuart P. Kaler
Registration No. 3 5,913

Morrison & Foerster Lip
345 California Street
San Francisco, California 94 104-2675
Telephone: (415) 677-6159
Facsimile: (415) 677-7522

4 Rule 60 Divisional of Serial No 08/103,837
Docket No 241082000610

sf-853 70
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DO(KAi~4lE ~ANTICIPATED CLASSIFICATION: PROR APPLICATION:

Morrison & Foerster LLP

345 California Street
San Francisco, California 94 104-2675

CERTIFICATE OF MAILING BV "EXPRESS MAIL"

I hereby centify that this paper or fee is being deposited with the United States Postal Service "Express Mail Post Office to Addressee' service
under 37C.FP.R § 1. 10 on the date indicated abv n sades o,As atC isoe for Patents, Washington, D C. 2023 1.

Andrew ft. Schmidt

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

37 C.F.R. § 1.60
REQUEST FOR FILING

DIVISIONAL APPLICATION

Box PATENT APPLICATION
Assistant Commissioner for Patents
Washington, D.C. 20231

Dear Sir:

This is a Request for filing a Divisional application under 37 C.F.R. § 1.60 of prior

application Serial No. 08/103,837, filed on August 06, 1993, entitled ELECTROTHERAPY

METHOD AND APPARATUS by the following inventor:

FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME

OF INVENTOR Gliner Bradford E.
FULL NAMAE FAMILY NAMEff FIRST GIVEN NAME SECOND GIVEN NAME

OF iNvENToR Lyster Thomas D.

FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME

OF INVENTOR -Cole Clinton S.

FULL NAME FAMILY NAME FIRT GIVEN NAME SECON GIVEN NAME

OF INVENTOR Powers Daniel J.

-,
rSUISI?

U

sf-853701

Express Mail Label No. EM221308163US Dt fDpst erayj,19Date of Deposit. February A_, 1996

76



F FULL NAME FAMIYNAM F[LST GIVEN NANESENDGVNAM

LItFINENTOR Morglin Carlton B.

9X Enclosed is a true copy of the prior complete application as filed including the

specification (with claims), drawings and inventor signed oath or declaration (including

any amendments referenced therein). I hereby verify that the attached papers are a true

copy of the latest inventor signed prior application serial no. 08/103,83 7 as originally

filed on August 6, 1993, and that any amendments referred to in the declaration and oath

did not introduce new matter. Further I hereby verify that all statements made herein of

his/her own knowledge are true and that all statements made on information and belief

are believed to be true; and further that these statements were made with the knowledge

that willful false statements and the like so made are punishable by fine or imprisonment,

or both, under section 1001 of Title 18 of the United States Code and that such willful

false statements may jeopardize the validity of the application or any patent issuing

thereon.

[9I A verified statement(s) of small entity status was filed in prior application serial no.

08/103,837, filed on August 6, 1993 (copy enclosed).

[E The filing fee is calculated below:

FOR NUMBER FILED NUMBER EXTRA RATE CALCULATIONS

TOTAL CLAIMS 18 -20 = 0 x $22.00 so

INDEPENDENT CLAIMS 2-3 = 0 x $78.00 $0

MULTIPLE DEPENDENT CLAIM(S) (if applicable) $250.00

BASIC FEE $150.00

TOTAL OF ABOVE CALCULATIONS =

Reduction by 1/2 for filing by small entity (Note 37 C.F.R. §§ 1.9, .27, 1.28).

1If applicable, verified statement must be attached.

$750.00

$375.00

TOTAL = 1 $37500

[9. A check in the amount of $375.00 is enclosed.

Rule 60 Divisional of Serial No 08/103,837
Docket No 241082000610

sf-85370
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ii The Assistant Commissioner is hereby authorized to charge any fees under

37 C.F.R. §§ 1. 16 or 1. 17 which may be required by this paper, or to credit any

overpayment to Deposit Account No. 03-1952. A duplicate copy of this sheet is

enclosed.

LE Cancel in this application original claims 1-14 and 23-34 of the prior application before

calculating the filing fee.

Ii] Amend the specification by inserting before the first line the sentence:

-- This application is a divisional of application serial no. 08/103,837 filed August 06,

1993.--

o Transfer the drawings from the pending prior application to this application and abandon

said prior application as of the filing date accorded this application. A duplicate copy of

this sheet is enclosed for filing in the prior application file.

o New formal drawings are enclosed.

o Priority of foreign application serial no. *, filed on * in * is claimed under

35 U.S.C. § 119.-

o The certified copy of the priority application *[is enclosed/has been filed in prior

application serial no. *, filed on*]

o A certified copy has NOT yet been filed.

[9 The prior application is assigned of record to Heartstream, Inc.

19 A preliminary amendment is enclosed.

i 'The power of attorney in the prior application is to:

'Thomas E. Ciotti (Reg No 21,013) Kate H. Murashige (Reg No 29,959)
Gladys H. Monroy (Reg No 32,430) Debra Shetka (Reg No 33,309)
Paul Schenck (Reg No 27,253) E. Thomas Wheelock (Reg No 28,825)
Freddie K. Park (Reg No 35,636) Susan K. Lehnhardt (Reg No 33,943)
Paul C. Kimball (Reg No 34,641) Patricia M. Drost (Reg No 29,790)
Shmuel Livnat (Reg No 33,949) Cecily Anne Snyder (Reg No 37,448)
J ames R. Shay (Reg No 32,062)

ii The power appears in the original papers in the prior application.

3 Rule 60 Divisional of Serial No 08/103,83 7
Docket No 241082000610

sf-85370
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[0 Recognize as Associate Attorney(s):

Tyler Dylan (Reg No 3 7,612)
Reid G. Adler (Reg No 30,988)
Antoinette F. Konski (Reg No 34,202)
Stuart P. Kaler (Reg No 35,913)
Robert Saltzberg (Reg No 36,910)
Mani Adeli (Reg No P39,585)
Sean Brennan (Reg No P39,917)
J. Michael Schiff (Reg No P40,253)
Robert K. Cerpa (Reg No P39,933)

Carol M. LaSalle (Reg No P39,740)
Gary A. Green (Reg No 38,474)
Harry J. Macey (Reg No 32,818)
David L. Bradfute (Reg No 39,117)
Laurie Axford (Reg No 35,053)
Catherine M. Polizzi (Reg No P40,130)
James C. Peacock III (Reg No P40,124)
Robert A. Millman (Reg No 36,217)
Ronald D. Devore (Reg No P39,958)

[9 Address all future communications to:

Smuart P. Kaler
Morrison & Foerster LLP
345 California Street
San Francisco, California 94104-2675

Dated: February &'1 1996

Respectfully submitted,

By:5 txt t
Smdart P. Kaler
Registration No. 35,913

Morrison & FoersterLu
345 California Street
San Francisco, California 94104-2675
Telephone: (415) 677-6159
Facsimile: (415) 677-7522

4 Rule 60 Divisional of Serial No 08/103,837
Docket No 2410820006 10

sf-85370
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FEB NPATE.
FEB Arty Dkt 2410820006102

Ex rttatfiLabel No. EM221308163US .Date of Deposit 2/49
I luxreby cciil3that this correspondence is being deposited with the United States Postal Service "Express
Aift Post Office to Addressee"' service under 37 CFR 1.10 on the date indicated above and is addressed to:
Assistant Commnissioner for Patents, Washington, D.C. 20231.

AndreW R. Schmidt 1v0" /tA XI
Name (print) Signature

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: Bradford E. Glinter et al.

Serial No.: Division of 08/103,837

Filing Date: Concurrent herewith

Title: Electrotherapy Meth

Assistant Commissioner fo
Washington, DC 20231

Group Art Unit: unknown

Examiner: unknown

tod and Apparatus a /
PRELIMNARY AMENDMENT / / UF

Patents '27 egw

?t AS
Prior to examination on the merits, please amend this application as follows:

IN THE CLAIMS:

Please add the following new claims:

A method for applying electrotherapy to a patient through electrodes

connected to an energy source, the method comprising the following steps:

discharging the energy source across the electrodes to deliver electrical energy to

the patient in a multiphasic waveform;

m onitoring a patient-dependent electrical parameter during the discharging step;

adjusting a discharge parameter based on a value of the monitored electrical

parameter,

the adjusting step comprising discharging the energy source across the electrodes

in at phase of the multiphasic waveform until the end of a predetermined time period or

f.\shmyjk nw tent\20006W'pm1im1.doc
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PATE
Arty Dkt 241082000610

until the monitored electrical parameter reaches a predetermined value, whichever occurs

first.

voltage.

I
The method of claim ?;"herein the electrical parameter is energy source

The method of wlim herein the electrical parameter is energy source

current.

9 'The method of claim wherein the adjusting step further comprises

adjuLsting a discharge parameter of a later phase of the multiphasic: waveform as a

function of a value of the electrical parameter during an earlier phase.

C ~o P)~ The method of claimCwherein the discharge parameter of the later
is phase duration.

*' The method of cam Wherein the adjusting step further comprises

adjusting a discharge parameter of a later phase of the multiphasic waveform as a

function o0yuration of an earlier phase.1

is -phase duratii

a fixed duratio

hII

Th

on.

emethod of claim the discharge parameter of the later phase

The method of claim/Yvherein a phase of the multiphasic waveform has

'- The method of claim )twherein the multiphasic: waveform has an earlier
phase! ad a later phase, the later phase having a fixed duration.

f.\shayj\winwodpaten200600\prel1.doc

J/7

phase
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PATE!
Atty Dkt 24108200061 0

0 The method of claim?2<Wherein the multiphasic waveform comprises a

truncated exponential biphasic waveform. --

REMARKS

This preliminary amendment is being submitted concurrently with a divisional

application of the parent case described in the caption above in order to claim one of the

non-elected inventions from the parent case.

Please direct all correspondence in this application to Applicants' attorney Stuart

P. Kaler at the address and telephone number listed below.

Respectfully submitted,

James R. Shay
Registration No. 32,062

MORRISON & FOERSTER
345 California Street
San Francisco, CA 94104
(4 15) 677-6159
Fax: (415) 677-7522

fAshayj\winworvDpatent\2000600\preliml.doc

0~9
C> ~

82



PENTDocket No.24006 0

IN THE UNITED STATES PATENT AND TRADEMARK

In the application of:

Gliner et al.

Serial No.: 08/601,617

Filing I)ate: February 14, 1996

For: ELECTROTHERAPY METHOD AND
APPARATUS

OFFICE

'5

-2 5'-94

INFORMATION DISCLOSURE
STATEMENT UNDER 37 C.F.R. § 1.97

Assistant Commissioner for Patents
Washinigton, D.C. 20231

Dear Sir:

The infornmation listed below was previously disclosed in Information Disclosure

Statements in connection with the parent application Serial Number 08/103,837 (filed August 6,

1993). Copies of the publications were also previously submitted; therefore, copies are not

included herewith. This protocol conforms with 37 CFR § 1.98(d) and MPEP 609(A)(2). The

Examiner is respectfiully requested to make this information of official record in the above-

identified application. The information includes:

U.S. Patent No. 3,211,154 to Becker et al. (10/12/65).

U.S. Patent No. 3,241,555 to Caywood et al. (03/22/66).

U. S. Patent No. 3,706, 313 to Milani et al. (12/19/72).

sf- 135276

~IMY ;9
CERTIFICATE OF MAILING BY "FIRST CLAd9*JL -__

I hereby certify that tils correspondence is being deposited with the UniteL1 qaouk&,?Wfrst class mail in an envelope dressed to:
Assistant Commissioner for Patents, onhi M021 ay 15,1996.
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Art Unit 3305

REASONS FOR ALLOWANCE

I. The following is an examiner's statement of reasons for allowance: the prior art of record

fais l:o teach the discharging step (claim 15) and the adjusting step (claim 35). In other words,

there is no teaching to discharge until the end of a predetermined time period or until an electrical

unit measured across the electrodes decays to a predetermined terminal level, whichever occurs

first.
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For: ELECTROTHERAPY METHOD

Group Art Unit: 3305
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NOTICE OF ALLOWANCE
9/13/96

SUBMISSION OF FORMAL DRAWINGS

Box ISSUE FEE
AssistLant Commissioner for Patents
Washington, D.C. 20231
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application.
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Registration No. 32,062
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q-United
9tateg

ot

PTO UTILITY G,M-

Paper Number

The Commpissioner of Patents
and Trademarks

Hfas received an application for a patentfora
new and useful invention. The title and de-
scription of the invention are enclosed. The
requirements of law have been complied with,
and it has been determiined that a patent on
the invention shall be granted under the law.

Therefore, this

United States Patent
Grants to the person(s) having title to this
patent the right to exclude others fromt mak-
ing, using, offering for sale, or selling the in-
vention throughout the United States of
America or importing the invention into the
United States ofAmericafor the tern? setrforth
below, subject to the payment of maintenance
fees as provided by law.

If this application was filed prior to June 8,
1995, the term of this patent is the longer of
seventeen yea rsfrom the date of grant of this
patent or twenty years from; the earliest effec-
tive U.S. filing date of the application, sub-
ject to any statutory extension.

If this application was filed on or after June
8, 1995, the term of this patent is twenty years
from the earliest effective U1.. filing date of
the application, subject to any statutory ex-
tension.

Commissioner of Patents and Trademarks

Attest

Form, PTO-i 884 (Rev. SM)~

lRlr.WT INQinr-i
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PATENT

Heartstrearn Ref. 93-003-US L.DI

CERTIFICATE OF MAILING UNDER 37 C.F.R. § 1.8
%hAceirtthat this correspondence is being deposited with the United States Postal Srieas first cass mail in an

101op add sed to: Assistant Commissioner for Paetn,DC 20231 on a_0,

THEUNIEDSTATES PATENT AND TRADEMARK OFFICE

Application of:

Bradford E. Gliner, et al.

Serial No.: 08/601,617 Group Art Unit: 3305

Filing Date: 14 Feb 1996 Examiner: K. Schaetzle

Patent No.: 5,593,427IS
Issue Date: 14 Jan 1997 #
Title: ELECTROTHERAPY METHOD

REQUEST FOR CERTIFICATE OF CORRECTION0
UNDER 37 C.F.R. § 1.322

Assistant Commissioner for Patents CERTIFICALt m 1
Washington, DC 20231 ~2

Dear Sir: OF eOnopTinhI
Applicants request that the above-referenced patent be corrected. Along with this

request, Applicants enclose a Certificate of Correction for the patent. Applicants

respectfully request acceptance and issuance of this Certificate of Correction.

Pursuant to 37 C.F.R. § 1.322, Applicants request that the following typographical

errors that occurred during the printing of the patent be corrected:

In the References Cited section. field [56]:

U.S. PATENT DOCUMENTS

"5,272,157" should be - 5,275,157 -. Support for this correction can be found

in the Information Disclosure Citation (PTO- 1449) considered May 20, 1996; Reference

Number 40.
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PATENT

OTHER PUBLICATIONS

"Alfeness?' should be - Alferness -. Support for this correction can be found

in the Information Disclosure Citation (PTO-1449) considered May 20, 1996; Reference

Number 58.

I the Text of the Patent

Column 8, line 58, (Claim 16) "claim 7" should be - claim 9 -. Claim 16 of

the issued patent corresponds to Claim 42 presented by Applicants in the Preliminary

Amendment filed February 14, 1996. As originally presented, Claim 42 depended ftom

Claim 35. Claim 35 became Claim 9 in the issued patent, and Claim 42 should have been

modified to depend ftom issued Claim 9 when the Office renumbered the allowed claims.

Dated: Q Li 3 LL9

Respectfully submitted,

By: l An nyder, Patent Agent
Reg. No. 37,448

Heartstream, Ic.
Legal Department
2401 Fourth Avenue, Suite 300
Seattle Washington 98121
Telephone: 206.443.7630
Facsimile: 206.443.9694

g: ... cert-cor.doc

2 Serial No. 08/601,617
Heartstrearn Ref. 93-003-USI .Di1
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UNITED STATES PATENT AND TRADEMARK OFFCE

CERTIFICATE OF CORRECTION

PATENT NO.: 5,593,427
DATED 14 lJan 1997

INVENTOR(S): Bradford E. Gliner, Thomas D. Lyster, Clinton S. Cole,

Daniel J. Powers, and Carlton B. Morgan

It is certified that errors appear in the above-identified patent and that said Letters Patent is

hereby corrected as shown below:

In field [56] "5,272,157" should be - 5,275,157

In field [56] "Alfeness" should be - Alferness -.

Column 8, line 58, (claim 16) "claim 7" should be - claim 9~

MAILING ADDRESS OF SENDER

Cecily Arnne Snyder. Patent Agent
Heartstreana, Ine.
LAgal Departzoent
2401 Fourth Avenue, Suite 300
Seattle, Washington 98121

FORM PTO 1050 (Rev. 2-93)

PATEN No. 53593A27

No. of add'l copies

0 500 per Page
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNo. :5,593,427
DATED
11N

January 14, 1997

*Bradford E. Gliner, Thomas D. Lyster, Clinton S. Cole,
Daniel J. Powers, and Carlton B. Morgan

It Is certified that error appears in the above-indientified patent and that said Letters Patent is hereby
corrected as shown below:

Item [56] "5,272,157" should be - 5,275,157-

I tem [56] "Alfeness" should be - Alferness -.

Column 8, line 58, (claim 16) "claim 7" should be - claim 9 -

Signied and Sealed this

Thirtieth Day of Septemnber, 1997

Attest:

BRUCE ISHMAN

Attetin OffcerCommissioner of Patent., and Trademnark,

& u-
Attesting Officer
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fETEEDBY DSD PATENT
HP PD NO. 90980060-5

{eartstream 93-003-USI1.Dl

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: CERTIFICATE OF MAILING

Bradford E. Gliner et al.

01/14/97

Electrotherapy Method

I hereby certify that this correspondence is being
deposited wi4th the United States Postal Service as First
Class Mail in an envelope addressed to Commissioner of
Patents and Trademarks, Washington DC 20231.

Date of Dep osit:_1 Zaq

Typed Name: Michelle L. 0gland

Signature:

BOX M FEE
Assistant Commissioner for Patents
'Washington, D.C. 20231

NOTIFICATION OF LOSS OF ENTITLEMENT TO SMALL ENTITY STATUS

Applicant hereby notifies the Patent and Trademark Office that it is no longer entitled

to status as a small entity, and that the claim for small entity status, set forth in the verified

Statement executed on September 7, 1993, is hereby withdrawn.

Correspondence Address:
Hewlett-Packard Company
Legal Department, 2OB3N
P10 Box 10301
Palo Alto, CA 94303-0890

Respectfully submitted,

By: Q01
Douglas J. Barker)

&Vi
Registration No. 40,423
Direct Dial Telephone: 360/212-8369
Customer No.: 020067

Patent No.:

Issue Date:

Title:
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UNITED STATES w6PARTMENT OF COMMERCE
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER
OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

CHANGE OF ADDRESS/POWER OF ATTORNEY

LOCATION 9200 SERIAL NUMBER 08601617 PATENT NUMBER 5593427

THE CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTQMER # 20067

THE PRACTITIONERS OF RECORD HAVE BEEN CHANGED TO CUSTOMER # 20067

THE FEE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 20067

ON 02/17/00 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 20067 IS:

HEARTSTREAM INC
AGILENT TECHNOLOGIES LEGAL DEPT
5301 STEVENS CREEK BLVD MS 51UPD
P 0 BOX 58043
SANTA CLARA CA 95052-8043

AND THE PRACTITIONERS OF RECORD FOR CUSTOMER NUMBER 20067 ARE:

24288 27586 29992 30275 33272- 36184 37448

PTO INSTRUCTIONS: PLEASE TAKE THE FOLLOWING ACTION WHEN THE
CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER NUMBER:
RECORD, ON THE NEXT AVAILABLE CONTENTS LINE OF THE FILE JACKET,
'ADDRESS CHANGE TO CUSTOMER NUMBER'. LINE THROUGH THE OLD
ADDRESS ON THE FILE JACKET LABEL AND ENTER ONLY THE 'CUSTOMER
NUMBER' AS THE NEW ADDRESS. FILE THIS LETTER IN THE FILE JACKET.
WHEN ABOVE CHANGES ARE ONLY TO FEE ADDRESS AND/OR PRACTITIONERS
OF RECORD, FILE LETTER IN THE FILE JACKET.

PTO-FMD
TALBOT- 1/97
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UNITED STATr' DEPARTMENT OF COMMERCE
Patent and T,, amark Office

I AS SISTANT SECRETARY AND COMMISSIONER
OPATENTS AND TRADEMARKS

- Washington, D.C. 20231

CHANGE OF ADDRESS/POWER OF ATTORNEY

FILE LOCATION 9200 SERIAL NUMBER 08801617 PATENT NUMBER 5593427

THE CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 22878

THE PRACTITIONERS OF RECORD HAVE BEEN CHANGED TO CUSTOMER # 22878

ON 06/05/01 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 22878 IS:

AGILENT TECHNOLOGIES, INC.
INTELLECTUAL PROPERTY ADMINISTRATION, LE
P.O. BOX 7599
M/S DL429
LOVELAND CO 80537-0599

AND THE PRACTITIONERS OF

26252
34075
38345

27586
34886
40026

29331
36081
40907

RECORD FOR CUSTOMER NUMBER 22878 ARE:

29992 30275 30528 30682 32426 33272
36184 36211 36771 37265 37448 37648

%- PTO INSTRUCTIONS: PLEASE TAKE T-lEFOLL9WING'ACTION- WHEN. THE
. CfRREbPONDENCE ADDRESS HAS BEEt4 CHANGED% TO CUSTOMER NUMBER:

RECORD, ON THE NEXT AVAI LABLE'JCUNTENTS L INE OF,, THE -F ILE, JACKET,
'4,AODRESS CHANGE TO CUSTOMER NUMBER' -- INE'THROUGH'THE OLD
ADDRESS ON THE FILE JACKET LAB,ELAND ENTER ONLY .THE 'CUSTOMER
NUMBER' AS THE NEW ADDRESS. FLE. THIS LEXTER IN TRE. F ILE'JACKET.

~VHN'1BOE CANES REONLY rf FEE-ADDREs-AND/OR'PRACTITIONERS
OF RECORD, FILE,LE-TTER IN THE. FILE JACKET.
THIS- TIL-E IS ASSIGNED TO GAU' 3305.

PTO-FMD
TALBOT-1/97

24288
33381
38197
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UNITED STATES - 1ARTMENT OF COMMERCE
) Patent and Trad&nark Office

ASSISTANT SECRETARY AND COMMISSIONER
~ -~ OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

CHANGE OF ADDRESS/POWER OF ATTORNEY

FILE LOCATION SERIAL NUMBER 08601617 PATENT NUMBER 5593427

THE CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 29139

THE PRACTITIONERS OF RECORD HAVE BEEN CHANGED TO CUSTOMER # 29139

THE FEE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 29139

ON 08/10/01 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 29139 1S:

AGILENT TECHNOLOGIES, INC.
LEGAL DEPARTMENT, MIS 5IUPB
5301 STEVENS CREEK BLVD.
SANTA CLARA CA 95052

AND THE PRACTITIONERS OF RECORD FOR CUSTOMER NUMBER 29139 ARE:

24288
33381
40907

26252
33825
45549

27586 29331 29992 30275 30528 30682 32426 33272
34075 36081 36184 36211 37648 38197 38345 40026

PTO INSTRUCTIONS: PLEASE TAKE THE FOLLOWING ACTION WHEN THE
CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER NUMBER:
RECORD, ON THE NEXT AVAILABLE CONTENTS LINE OF THE FILE JACKET,
ADDRESS CHANGE TO CUSTOMER NUMBER' . LINE THROUGH THE OLD

ADDRESS ON THE FILE JACKET LABEL AND ENTER ONLY THE 'CUSTOMER
NUMBER' AS THE NEW ADDRESS. FILE THIS LETTER IN THE FILE JACKET.
WHEN ABOVE CHANGES ARE ONLY TO FEE ADDRESS AND/OR PRACTITIONERS
OF RECORD, FILE LETTER IN THE FILE JACKET.
THIS FILE IS ASSIGNED TO GAU 3305.

PTO-FMD
TALBOT- 1/97
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O% UNITED STATES DF-'RTMENT OF COMMERCE) Patent and Tradem. . Office
ASSISTANT SECRETARY AND COMMISSIONER

OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

CHANGE OF ADDRESS/POWER OF ATTORNEY

FILE LOCATION 9200 SERIAL NUMBER 08601617 PATENT NUMBER 5593427

THE CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 24737

THE PRACTITIONERS OF RECORD HAVE BEEN CHANGED TO CUSTOMER # 24737

THE FEE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 24737

ON 05/113/03 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 24737 IS:

PHILIPS ELECTRONICS NORTH AMERICAN CORP
580 WHITE PLAINS RD
TARRYTOWN NY 10591

AND THE PRACTITIONERS OF RECORD FOR CUSTOMER NUMBER 24737 ARE:

22861 26236 26358 26531 26902 27677 28613 30245 32266 32603
33357 35721 36921 37520 39398 39703 40007 42079 42080 43305

PTO INSTRUCTIONS: PLEASE TAKE THE FOLLOWING ACTION WHEN THE
CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER NUMBER:
RECORD, ON THE NEXT AVAILABLE CONTENTS LINE OF THE FILE JACKET,
'ADDRESS CHANGE TO CUSTOMER NUMBER'. LINE THROUGH THE OLD
ADDRESS ON THE FILE JACKET LABEL AND ENTER ONLY THE 'CUSTOMER
NUMEBER' AS THE NEW ADDRESS. FILE THIS LETTER IN THE FILE JACKET.
WHEN ABOVE CHANGES ARE ONLY TO FEE ADDRESS AND/OR PRACTITIONERS
OF RECORD, FILE LETTER IN THE FILE JACKET.
THIS FILE IS ASSIGNED TO GAU 0000.

PTO-FMD
TALBOT- 1/97
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7 - Application or Docket Number

PATENT APPLUCATION FEE DETERMINATION RECORD A
Effective October 1, 1995 a

CLAIMS AS FILED - PART I
(Column 1) (Column 2)

FOR NUMBER FILED NUMBER EXTRA

BASIC FEE

TOTAL CLAIMS minus 20 =

INDEPENDENT CLAIMS minus 3 =

MULTIPLE DEPENDENT CLAIM PRESENT

*If the differenCE! I column I is less than zero, enter "0" In column 2

CLAIMS AS AMENDED - PART 11
(Column 1) (Column 2) (Column 3)

REMINNGNUMBER PRESENT
16-AFERPREVIOUSLY EXTRA

Z AMENDMENT PI O

WIndependent *Minus

4Uln
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

(Column 1) (Column 2) (ColumnS3)

REMINNGNUMBER PRESENT
AFTE PREVIOUSLY EXTRA

Z AMENDMENT PI O
U.'

U'Independlent I iu

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

(Column 1) (Column 2) (Column 3)

CLAIMS HIGHEST
OREMAINING NUMBER PRESENT
I-AFTER PREVIOUSLY EXTRA

Z AMENDMENT PAID FOR
U.' 1__

Total *Minus *

Ut Independent *Minus

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

*If the entry in column I is less than the entry in column 2, write "0" in columnS3.
If lthe 'Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter '20."***If the'lighest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3."
The "Highest Number Previously Paid For" (Total or Independent) is the highest number foun

SMALL ENTITY

SMALL ENTITY

ADDI-
RATE TIONAL

FEE

+$ 15

TOTAL
ADDIT FEE

ADDI-
RATE TIONAL

FEE

X$11 =

x39=

TOTAL
ADDlT. FEE

ADDI-
RATE TIONAL

FEE

4$11=

x39=

+125=
TOTAL

ADDIT. FEE OR

OTHER THAN
SMALL ENTITY

RATE FEE

750.00

x $22=

x78r-

+250=

TOTAL

OTHER THAN
SMALL ENTITY

ADD I-
RATE TIONAL

FEE

x$22=

x78=

TOTAL
ADDIT FEE

ADDI-
RATE TIONAL

FEE

x$22=

x78-

T OTAL
ADDIT FEE

ADDI-
RATE TIONAL

PEE

x$22=

x78=

ofdin the appropriate box in column 1.

Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCEFORM PTO-875
(Rev. 10/95)

121



0
-

r
0 O

C
o

C

0 0 (
7
)

z 0 z

r z c U
,

* C 6
,

0 _
_

I

122


	File Wrapper Jacket 5,593,427

	Table of Contents
	Search Notes
	Index of Claims

	Other Publications and Literature (Notice)
	U.S. Patent 5,593,427

	Application
	Claims
	Declaration and Power of Attorney
	Drawings

	Preliminary Amendment A
	Preliminary Amendment B
	Information Disclosure Statement
	PTO - 1449

	Notice of Allowability
	Notice of Draftsperson's Patent Drawing Review
	Notice of Allowance and Issue Fee Due

	Issue Fee Transmittal
	Formal Drawings
	PTO Grant
	Request for Certificate of Correction
	Notice of Loss of Small Entity Status
	Change of Address
	Family and Legal Status Report - FREE
	Assignment Data - Post Issuance
	US Litigation

	USPTO Maintenance Report
	123.pdf
	File Wrapper Jacket 5,593,427

	Table of Contents
	Search Notes
	Index of Claims

	Other Publications and Literature (Notice)
	U.S. Patent 5,593,427

	Application
	Claims
	Declaration and Power of Attorney
	Drawings

	Preliminary Amendment A
	Preliminary Amendment B
	Information Disclosure Statement
	PTO - 1449

	Notice of Allowability
	Notice of Draftsperson's Patent Drawing Review
	Notice of Allowance and Issue Fee Due

	Issue Fee Transmittal
	Formal Drawings
	PTO Grant
	Request for Certificate of Correction
	Notice of Loss of Small Entity Status
	Change of Address
	Family and Legal Status Report - FREE
	Assignment Data - Post Issuance
	US Litigation

	USPTO Maintenance Report
	123 (1).pdf
	File Wrapper Jacket 5,593,427

	Table of Contents
	Search Notes
	Index of Claims

	Other Publications and Literature (Notice)
	U.S. Patent 5,593,427

	Application
	Claims
	Declaration and Power of Attorney
	Drawings

	Preliminary Amendment A
	Preliminary Amendment B
	Information Disclosure Statement
	PTO - 1449

	Notice of Allowability
	Notice of Draftsperson's Patent Drawing Review
	Notice of Allowance and Issue Fee Due

	Issue Fee Transmittal
	Formal Drawings
	PTO Grant
	Request for Certificate of Correction
	Notice of Loss of Small Entity Status
	Change of Address
	Family and Legal Status Report - FREE
	Assignment Data - Post Issuance
	US Litigation

	USPTO Maintenance Report





