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to-patient impedance differences in the delivery of electro-
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reaches & 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 differ-
ences by changing the nature of the delivered electrothera-
peutic pulse, resulting in a smaller, more efficient and less
expensive defibrillator.

18 Claims, 7 Drawing Sheets



5,593,427
Page 2

U.S. PATENT DOCUMENTS

4,473,078 9/1984 Aangel .
4,494,552 1/1985 Heath .
4,504,773  3/1985 Suzukietal. .
4,574,810 3/1986 Lerman .
4,595,009 6/1986 Leinders .
4,610,254 9/1986 Morgan et al. .

4,619,265 10/1986 Morgan et al. .

4,637,397 1/1987 Jones et al. .
4,745,923  5/1988 Winstrom .
4,800,883 1/1989 Winstrom .
4,821,723 4/i989 Baker et al. .
4,840,177 6/1989 Charbonnier et al. .
4,848,345 7/1989 Zenkich .
4,850,357 7/1989 Bach, Ir. .
4,953,551  9/199C Mehra et al. .
4,998,531 3/199t Bocchi et al. .
5,078,134  1/1992 Heilman et al. .
5,083,562 1/1992 de Coriolis et al. .
5,097,833 3/1992 Campos .
5,107,834  4/1992 Ideker et al. .
5,111,813  5/1992 Charbonmier et al. .
5,111,816 5/1992 Pless et al. .
5,207,213 5/1993 Adams et al. .
5,215,081  6/1953 Ostroff .
5,222,480 6/1993 Couche et al. .
5,222,492 6/1993 Morgan et al. .
5,230,336 7/1993 Fain et al. .
5,237,989 8/1993 Morgan et al. .

5,249,573 10/1993 Fincke et al. .

5,272,157 1/1994 Morgan et al, .
5,306,291 4/1994 Kroll et al. .
5,334,219 8/1994 Kroll .
5,334,430 9/1994 Berg et al. .

5,352,239 10/1994 Pless .
5,370,664 12/1994 Morgan et al. _
5,372,606 12/1994 Lang et al. .
5,411,526 5/1995 Kroll et al. .

OTHER PUBLICATIONS

Chapman e al,, “Non—thoracotomy internal defibrillation:
Improved efficacy with biphasic shocks”, Circulation,
76:312, absiract no. 1239 (1987).

Cooper et al., “Temporal separation of the two pulses of
single capacitor biphasic and dual monophasic waveforms,”
Circulation, 84(4):612, abstract no. 2433 (1991).

Cooper ci &l., “The effect of phase separation on bipbasic
waveform defibrillation,” PACE, 16:471-482 (Mar. 1993).
Cooper et al., “The effect of temporal separation of phases
on biphasic waveform defibrillation efficacy,” The Annual
International Confererice of the IEEE Engineering in Medi-
cine and Biology Society, 13(2):0766-0767 (1991).
Crampton et al., “Low-energy ventricular defibrillation and
miniature defibrillators,” JAMA, 235(21):2284 (1976).
Dahlbick et al., *“Ventricular defibrillation with
square~waves,” The Lancet (Jul. 2, 1966).

Echt et al.,, “Biphasic waveform is more efficacious than
monophasicc waveform for transthoracic cardioversicn,”
PACE, 16:914, abstract no. 256 (Apr. 1993),

Feeser et al., “Strength—duration and probability of success
curves for defibrillation with biphasic waveforms,” Circu-
lation, 82(6):2128-2141 (19949).

Guse et al., “Defibrillation with low voltage using a left
ventricular catheter and four cutaneous patch electrodes in
dogs,” PACE, 14:443-451 (Mar. 1991).

Jones et al., *“Defibrillator waveshape opiimization,”
Devices and Tech. Meeting, NIH (1982).

Jones et al., “Reduced excitation threshold in potassium
depolarized myocardial cells with symmetrical biphasic
waveforms,” J. Mol. Cell. Cardiocl., 17(39):XXVII, abstract
no. 39 (1985).

Jones, et al., “Decreased defibrillator—induced dysfunction
with bipbasic retangular waveforms,” Am. J. Physiol
247:H792-796 (1984),

Jones, et al., “Improved defibrillator waveform safety factor
with biphasic waveforms,” Am. J. Physiol., 245:H60-65
(1983).

Jude et al., “Fundamentals of Cardiopulmonary Resuscita-
tion,” F. A. Davis Company, Philadelphia PA, pp. 98-104
(1965).

Kerber, et al., “Energy, current, and success in defibriliation
and cardioversion: clinical studies using an autornated
impedance-based method of energy adjustment,” Circula-
tion, 77(5) : 1038-1046 (1988).

Knickerbocker et al., “A portable defibrillator,” IEEE Trans.
on Power and Apparatus Systems, 69:1089-1093 (1963).
Kouwenhoven, “The development of the defibrillator,”
Annals of internal Medicine, 71(3):449-458 (1969).
Langer et al.,, “Considerations in the development cof the
automatic implantable defibrillator,” Medical Instrumenta-
tion, 10(3):163-167 (1976).

Lerman, et al., “Currency—Based Versus Energy—Based Ven-
tricular Pefibrillation: A Prospective Study,” JACC
12{5):1259-1264 (1988).

Lindsay et al., “Prospeclive evaluation of a sequential pac-
ing and high—energy bi—directional shock algorithm for
transvenous cardioversion in patients with ventricular tachy-
cardia,” Circulation, 76(3):601-609 (1987).

Mirowski et al., “Clinical treatment of life threatening
ventricular tachyarrhythmias with the automatic implantable
defibrillator,” American Heart Jowrnal, 102(2):265-270
{1981).

Mirowski et al.,, “Termination of malignant ventricular
arthythmias with an implanted automatic defibrillator in
human beings,” The New England Journal of Medicine,
303(6):322-324 (1980).

Podolsky, “Keeping the beat alive,” U.S. News & World
Report (Jul. 22, 1991).

Product Brochure for First Medic Semi—Automatic Defibril-
lators (1994), Spacelabs Medical Products, 15220 N.E. 40th
Street, PO. Box 97013, Redmond, WA 98073-9713.
Product Brochure for the Shock Advisory System (1987),
Physio—Control, 11811 Willows Road Northeast, P.O, Box
97006, Redmond, WA 98073-9706.

Redd (editor), “Defibrillation with biphasic waveform may
increase safety, improve survival,” Medlines, pp.
1-2(Jun.—Jul. 1984).

Saksena et al., “A prospective evaluation of single and dual
current pathways for transvenous cardioversion in rapid
ventricuiar tachycardia,” PACE, 10:1130-1141 (Sep.-Oct.
1987).

Saksena et al., “Developments for future implantable car-
dioverters and defibrillators,” PACE, 70:1342-1358 (Nov-
~Dec. 1987).

Schuder “The role of an engineering oriented medical
research group in developing improved methods and devices
for achieving ventricular defibrillation: The University of
Missouri experience,” PACE, 16:95-124 (Jan. 1993).



5,593,427
Page 3

Schuder et al, ‘*“Comparison of effectiveness of
relay—switched, one—cycle quasisinusoidal waveform with
critically damped sinusoid waveform in transthoracic
defibriliation of 100-kilogram calves,” Medical Instrumen-
tation, 22(6):231-285 (1988).

Schuder et al., “A multielectrode—time sequential laboratory
defibrillator {or the study of implanted electrede systems,”
Amer. Soc. Artif. Int. Organs, XVIII:514-519 (1972).
Schuder et al.,, “Development of automatic implanted
defibrillaior,”’ Devices & Tech. Meeting NTH (1981).
Schuder, et al., "*One—Cycle Bidirectional Rectangular Wave
Shocks for Open Chest Defibrillation in the Calf,” Abs. Am.
Soc. Aftif. Intern. Organs, 9. 16.

Schuder, et al., “Tranthoracic Ventricular Defibrillation with
Square-wave Stimuli: One half Cycle,” Circ. Res,
XV:258-264 (1964).

Schuder, et al., “Defibrillation of 100 kg calves with assy-
metrical, bidirectional, retangular pulses,” Card. Res.,
18:419-426 (1984).

Schuder, et al., “Transthoracic Ventricular Defibrillation in
the 100 kg Calf with Symetrical One—Cycle Bidirectional
Rectangular Wave Stimuli,” IEEE Trans. BME,
30(7):415-4222 (1983).

Schuder, et al., “Ultrahigh—energy hydrogen thyraton/SCR
Biderectional waveform defibrillator,” Med. & Biol. Eng. &
Comput., 20:419-424 (1982).

Schuder, et al., “Wave form Dependency in Defibrillating
100 kg Catves,” Devices & Tech. Meeting, NIH (1981).
Schuder, et al., “Waveform dependency in defibrillation,”
Devices & Tech. Meeting NIH (1981).

Stanton et al., “Relationship between defibrillation threshold
and upper limit of vulnerability in humans,” PACE, 15:563,
abstract 221 (Apr. 1992).

Tang et al., “Ventricular defibrillation using biphasic wave-
forms: The importance of phasic duration,” JACC,
13(1):207-214 (1989).

Tang, et al.,, “Strength Duration Curve for Ventricular
Defibrillation Using Biphasic Waveforms,” PACE, abstract
no. 49 (1987).

Tang, et al.,, “Ventricular Defibrillation Using Biphasic
‘Waveforms of Different Phasic Duration,” PACE, abstract
no. 47 (1987).

Walcott ct al., “Comparison of monophasic, biphasic, and
the edmark waveform for external defibrillation,” PACE,
15:563, abstract 218 (Apr. 1992).

‘Wathen et al., “Improved defibrillation efficacy using four
nonthoracotermy leads for sequential pulse defibrillation,”
PACE, 15:563, abstract 220 (Apr. 1992).

Wetherbee, et al., “Subcutancous Patch Electrode—A Means
to Obviate Thoracotomy for Implantation of the Automatic
Implantable cardioverter Defibrillation System?, ™ Circ.
72:II1-384, abstract no. 1536 (1985).

‘Winkle “The implantable defibrillator in ventricular arrhyth-
miss,” Hospital Practice, pp. 149-165 (Mar. 1983).
Winkle et al., “Improved Low Energy Defibrillation Eficacy
in Man Using a Biphasic Truncated Exponential Wave-
form,” JACC, 9(2): 142A (1987).

Zipes, “‘Sudden cardiac death,” Circularion, 85(1):160-166
(1992).



U.S. Patent

4

VOLTAGE

|

Jan. 14, 1997

Sheet 1 of 7 5,593,427

] \ FIG. 1

[}
! ét/———’? TIME
{ }

G~
VOLTAGE
T FIG. 2
A
l s
B F
L
] o TiMe
1 ?l——-—*‘—’"'—l
e |
4
VOLTAGE FIG. 4
l
VTHRESH[
— F
tTHRESH Ii ¢ ‘,,/‘H_D TIME

10



U.S. Patent Jan. 14, 1997

10

Sheet 2 of 7
INITIATE DISCHARGE
IN FIRST POLARITY
12
YES

16 |

STOP DISCHARGE
IN FIRST PHASE

I

18 |

WAIT FOR
INTERIM TIME G

I

20 —_|

CHANGE
POLARITY

I

22

RESUME DISCHARGE
FOR SECOND PHASE
DURATION F

I

24 —

STOP DISCHARGE

FIG. 3

11

5,593,427



U.S. Patent

VOLTAGE

1

A
VTHRESH l -

4

Jan. 14, 1997

Sheet 3 of 7

5,593,427

[
VOLTAGE

I

A
V'THRESH l -

¥
tTHRESH

3
VOLTAGE

!

|
, A

VTHRESHi .
|

Y

E | ?l//___;é TIME
© i
Lo
i
-G~
tTHRESH
FI1G. 8
|
______ _*____:___..___...__.__—_....._
i t F - -
- L
|
o

12



U.S. Patent Jan. 14, 1997

80 —]

NO

56

52

Sheet 4 of 7

INITIATE DISCHARGE
IN FIRST POLARITY

-

b 4

IS
TIME < tTHRESH
?

STOP DISCHARGE

IN FIRST PHASE

I

58 — WAIT FOR
INTERIM TIME G

60 — CHANGE

POLARITY

l

62 — RESUME DISCHARGE

FOR SECOND PHASE
DURATION F

!

STOP DISCHARGE

FIG. 6

13

5,593,427



U.S. Patent

INITIATE DiSCHARGE [
IN FIRST POLARITY

po
L
b

4

TIME < f7HRESH

Jan. 14, 1997 Sheet 5 of 7
|S\<
NO

VOLTAGE < VT4RESH

5,593,427

STOP DISCHARGE
OF FIRST PHASE

|94

I

WAIT FOR
INTERIM TIME G

I

CHANGE
POLARITY

| —96

|

RESUME DISCHARGE
FOR SECOND PHASE
DURATION F

| _—97

l

STOP DISCHARGE

| _—98

14

FIG. 9



5,593,427

Sheet 6 of 7

Jan. 14, 1997

U.S. Patent

— e e o — — ——— A m— S — it — —

37

34
38

32

— o E— p— = e — — o e — e ——— — A W T — — —

FIG. 10

15



5,593,427

Sheet 7 of 7

Jan. 14, 1997

U.S. Patent

16

HITIOHING
HOLVTIGH30
N0
L 'Ol
6L 0— smS
HS3HHL | |
SLrLelali
V1o S eMs [-ofl xddnS
TT117 39YL10A HOH
HINL lg— 98 I _
HOLIMS 23008098 _IN3llvd_} 300HLOTTR 7
35WHdig
\yg HOLVHVINOD 3 o o g
TeLo ams INS [o 1L
=
'
ol
¢ /.AuL




5,593,427

1
ELECTROTHERAPY METHOD

‘This application is a divisional of application Ser. 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 defibrillation shock to a patient’s heart through
electrodes attached to the patient.

Defibrillators apply pulses of electricity to a patient’s
heart to convert ventricnlar asthythmias, such as ventricular
fibrillation and ventricular tachycardia, to normal heart
rhythms through the processes of defibrillation and cardio-
version, respectively. There are twe main classifications of
defibrillators: external and implanted. Implantable defibril-
lators are surgically implanted in patients who have a high
likelihood of needing electrotherapy in the future. Implanted
defibrillators typically monitor the patient’s heart activity
and aatomatically 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. Extemal 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 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 defibrilla-
tors deliver their elecirotherapeutic 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 carrents 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 encrgy storage media required by these prior art
devices.

The time plot of the current or voitage pulse delivered by
a defibrillator shows the defibrillator’s characteristic wave-
form. Waveforms 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. Exarnples 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 wo de Coriolis et al.; U.S. Pat. No.
4,800,883 to0 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 10 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 patieni to optimize the
defibrillator’s effectiveness. Thus, for example, the initial
voltage, first phase duration and total pulse duration may be
set when the device is implanied to deliver the desired
amount of energy or to achieve that desired start and end
voltage differential (i.e, a constant tilt).

a5
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In contrast, because external defibrillator elecirodes 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-
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
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-
tiop. Pulse amplitudes and durations effective to treat low
impedance patients do not necessarily deliver effective and
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
common protoce! for using such a defibrillator was o
attempt defibrillation at an initial energy setting suitable for
defibrillating a patient of average impedance, then raise the
energy sefting for subsequent defibrillation attempts in the
cvent that the initial setting failed. The repeated defibrilla-
tion 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 efficacy across an entire popu-
lation of patients.

SUMMARY OF THE INVENTION

This invention provides an external defibrillator and
defibrillation method that automatically compensates for
patient-to-patient impedance differsnces in the delivery of
electrotherapeutic pulses for defibrillation and cardiover-
sion. 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 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
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 phaze
amplitude drops below a threshold value or when the first
phase duration reaches a threshold time value, whichever
comes first, as mighi occar with a low to average impedance
patient. This method and apparatus of altering the delivered
biphasic pulse thereby compensates for patient impedance
differences by changing the nature of the delivered electro-
therapeutic puise, resulting in a smaller, more efficient and
less expensive defibrillator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sct ic repr ion of & low-tilt biphasic
electrotherapentic waveform according to a first aspect of
this invention.

FIG. 2 is a schematic representation of a high-tilt biphasic

elecirotherapeutic 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 10 a second aspect of this inven-
tion.

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

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

FIG. 6 is a flow chart demonstrating past of an electro-
therapy misthod 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.

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

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

FIG. 10 is a block diagram of a defibrillator sysiem
according te a preferred embodiment of this invention.

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

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

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

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

a=BoP 00
As shown in FIGS. 1 and 2, A is the initial first phase voltage
and D is the second phase terminal voltage. The first phase
terminal vohage B resalts 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 same
manner. The starting voltages and first and second phsase
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
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-
ments affect the size, cost, weight and avaiflability of com-
ponents. In particular, operating voltage requirements affect
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the cheice of switch and capacitor technologies, Total
energy delivery requirements affect defibrillater battery and
capacitor cheices.

‘We have determined that, for a given patient, externally-
applied truncated exponenatial biphasic waveforms defibxzil-
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 io a point, the more energy delivered to a patient in an
electrotherapeutic pulse, the more likely the defibrillation
attempt will succeed. Low-tilt 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 high-tilt biphasic waveforms deliver more of the
stored energy to the patient than defibrillators delivering
low-tiit waveforms while maintaining high efficacy up to a
certain critical tilt value. Thus, for a given capacitor, a given
initial voiltage and fixed phasc 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
waveform with more delivered enerpy 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 io deliver an effective and
efficient waveform across a population of patients having a
variety of physiological differences.

This invention is a defibriliator 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. 1 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 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 patieat and the physical connection
between the electrodes and the patient.

For example, if the patient impedance (i.c., 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 terminal voltages of the second
phase during time F. The values of A, E, G and F are set to
optimize 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 receive a
high-tilt waveform that delivers more of the stored enexgy
and is therefore more energy efficient.

Another feature of biphasic waveforms is that waveforms
with relatively longer first phases have better conversion
properties than wavefonms with equal or shonier 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 waveform
(while the second phase duration is kept constant) to
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increase the overall cfficacy 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, .g., the defibrillator’s capacitor or capacitor bank, to
the initial first phase voltage A. Block 10 represents initia-
tion of the first phase of the pulse in a first polarity.
Discharge may be initiated manually by the user or auto-
matically in response to patient heart aciivity 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 trgpesn, 85 shown by block 12 of FIG. 3. If,
at the end of time t,ypzcm the voltage measured across the
energy source has not dropped below the minimum first
phase terminal voltage threshold V pencn. 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 g eesy, 85 shown in FIG. 4,
until the measured voltage drops below the threshold
V rurzss Pischarge 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 Vo, pgs, When the time threshold is reached, result-
ing in a waveform like the one shown in FIG. §.

At the end of the first phase, and afier 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 s prede-
termined second phase duration F, as represented by block
26 of FIG. 3, then ceases. This compensating electrotherapy
method ensures that the encrgy is delivered by the defibril-
lator in the :most efficacious manner by providing for a
minimum waveform tilt and by extending the first phase
duration to mieet 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 defibrillators, thereby minimizing defibrillator size,
weight and expense. It should be noted that the waveforms
shown in FIGS. 4 and 5 couid be expressed in terms of
current versus 1ime 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 waveform from exceeding a maxi-
muum tilt (i.e., maximum delivered energy) in low impedance
patients. As shown by blocks 52 and 54 in FIG. 6, the first
phase dischaige stops either at the end of a predetermined
HiMe typppsyy Or when the first phase voltage drops below
V' rtiress- 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 al time tryepey even if the voltage has not yet
fallen below V'rygeern a8 shown in FIG. 7. In low imped-
ance patients, on the other band, the first phase of the
delivered waveform could be shorter in duration than the
Ume lypppsyy. @8 shown in FIG. 8.
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Onmce 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.

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' rzress prior to the first phase duration threshold tryeess
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 t;gzss the voltage has not
fallen below V'@ zess. the duration of the first phase is
extended beyond tyyuess, until the voltage measured across
the etectrodes reaches a second voltage threshold Vopese
as shown in decision blocks 91 and 93. This defibrillator
method path wifl deliver a waveform like that shown in FIG.
4

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
biphasic pulses. In other words, if in the first biphasic
waveform delivered by the system the firsi 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
voltage or current pulss 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
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.

FIG. 10 iz a schematic block diagram of a defibrillator
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
capacitor or a capacitor bank arranged to act as a single
capacitor. A connecting mechanism 34 selectively connecis
and disconnects energy source 32 to and from a pair of
electrodes 36 electrically attached to a patient, represemed
here as a resistve 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 controller 38.
Specifically, contreller 38 operates the connecting mecha-
nism 34 to connect energy scurce 32 with electrodes 36 in
one of the two pelarities 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 comnected across
energy source 32. In some preferred embodiments, sensor 42
is a voltage sensor; in other preferred embodiments, sensor
42 is a current sensor.

FIG. 11 is a schematic circuit diagram illustrating a device
according to the preferred embodiments discussed above.
Defibrillator controller 70 activaies a high voltage power
supply 72 to charge storage capacitor 74 via diode 76 to a
predetermined voltage. During this period, switches SW1,
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SW2, SW3 and SW4 are tummed off so that no voltage is
applied to the 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 deactivates
supply 72 and activates biphase switch timer 84. Timer 84
initiates discharge of the first phase of the biphasic wave-
form through the patient in a first polarity by simultancously
turmning on switches SW1 and SW4 via contro! signals T1
and T4, while switch SW5 remains on to deliver the initial
voltage A through electrodes 80 and 82 10 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 or when the
voltage across the electrodes has dropped below a predeter-
mined value as measured by comparator 86. Timer 84
terminates pulse delivery by turning off switch SWS via
control signal TS, followed by taming off switches SW1 and
8SW4. The voltage across electrodes 80 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 and SW3 via control signals T2
and T3 while swiich SWS 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 firsi polarity. Timer 84 terminates delivery of the second
phase by tuming off switch SWS5 via control signal TS,
followed by turning off switches SW2 and SW3. The second
phase may be terminated at the end of a predetermined
pericd or when the voltage measured by comparator 86
drops below a second phase termination voltage threshold.

In a preferred embodiment, switch SW§ is an insulated
gate bipolar transistor (IGBT) and switches SWI-SW4 are
silicon-controiled rectifiers (SCRs). The SCRs are ava-
lanche-type switches which can be turmed on to a conductive
state by the application of a control signal, but cannot be
tumed 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 SW1-SW4 will close when SWS5 is.
closed and will reopen only upon application of a specific
control signal to SWS,

This design has the further advantage that switch SW5
does not need o withstand the maximum capacitor voltage.
The maxitmum voltage that will be applied across switch
SWS will occur when the first phase is terminated by turning
SWS off, at which time the capacitor voltage has decayed 1o
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 defibriblator configurations of FIGS. 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 of the invention
would be applicable to implantable defibrillators as well.
Other modifications will be apparent to those skilled in the
art.

What is claimed is:

1. A method for applying eclectrotherapy to a patient
through eiectrodes external to a patient, the electrodes being
electrically connected in a predetermined polarity to an
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
the elecirodes decays to a predetermined terminal level,
whichever occurs firsi,
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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 across 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 clecirical 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 io

deliver electrical energy to the patient in & multiphasic
waveform;

monitoring a patient-dependent electrical parameter dur-

ing the discharping step;

adjusting a discharge paramcter based on a value of the

monitored electrical parameter,

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

10. The method of claim 9 wherein the ¢lectrical param-
eter is energy source voltage.

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

12. The method of claim 9 wherein the adjusting step
further comprises adjusting 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.

13. The method of claim 12 whercein 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 later
phase of the multiphasic waveform 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
waveform has an carlier phase and a later phase, the later
phase having a fixed duration.

18. The method of claim 9 wherein the multiphasic
waveform comprises a truncated exponeatial biphasic wave-
form.
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abstract o8 \

ELECTROTHERAPY METHOD AND APPARATUS

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
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 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
of the first phase of the pulse fails to fall tc 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
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 bkiphasic
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.
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ROTHERAPY METHOD AND APPARATUS
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\ >, Background of the Invention

PK This invention relates generally to an

y///// 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 fibrillaticn 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. Iimplanted 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 patientfs 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

101065.3
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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
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
current regquirements 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 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
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.;
U.8. Patent No. 5,083,562 to de Coriclis 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
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 tc optimize the defibrillator’s
effectiveness. Thus, for example, the initial voltage,
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
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
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
patient’s heart for a given initial pulse amplitude and
duration. Pulse amplitudes and durations effective tco
treat low impedance patients do not necessarily deliver
effective and 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 multiple energy settings that
could be selected by the user. A 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

defibrillation attempts regquire 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
reguired energy storage medium) and maximizes therapeutic
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
impedance differences in the delivery cof
electrotherapeutic pulses for defibrillation and
cardioversion. In a preferred embodiment, the
defibrillator has an energy source that may be diécharged
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 ang
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
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
threshold value or when the first phase duration reaches
a threshold time wvalue, whichever comes first, as might
occur with a leow to average impedance patient. This
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.

Brief Description of the Drawings
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
to the first aspect of this invention.
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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
biphasic waveform delivered according t¢o 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.

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
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
an electr._therapy 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.

Figure 11 is a schematic circuit diagram of a
defibrillator system according to a preferred embediment
of this invention.

Detailed Description of the Preferred Embodiment
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
external defibrillator according to the electrotherapy
method of this invention for defibrillation or
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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.

The waveform shown in Figure 1 is called a low-
tilt waveform, and the waveform shown in Figure 2 is
called a high-tiit waveform, where tilt H is defined as a
percent as follows: ’

A

1D

H= = x 100

As shown in Figures 1 and 2, A is the initial first phase
voltage and D is the second phase terminal voltage. The
first phase terminal voltage B results from the
exponential decay over time of the initial wvoltage A
through the patient, and the second phase terminal
voltage D results from the exponential decay of the
second phase initial veocltage € 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.

Prior art disc¢losures 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
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
energy delivery reguirements affect defibrillator battery
and capacitor choices.

We have determined that, for a given patient,
externally-applied truncated exponential biphasic
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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
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 iikely
the defibrillation attempt will succeed. Low-tilt
biphasic waveforms achieve effective defibrillation rates
with less delivered energy than high-~tilt waveforms.
However, low~tilt waveforms are energy inefficient, since
ruch ©of the stored energy is not delivered to the
patient. ©On the other hand, defibrillators 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 wvalue. 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 waveform 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 predetermined
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 cne
aspect of the invention, the defibrillator operates in an
open loop, i.e., without any feedback regarding patient
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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
phase, the interphase duration G, and the duration F of
the second phase. The terminal veltage 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 wvoltage 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
defibrillation and/or cardioversiocn 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 more 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 egual 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 waveform (while the second
rhase duration is kept constant) to increase the overall
efficacy of the electrotherapy by delivering a more
efficacious waveform and to increase the total amcunt of
energy delivered. Figures 3-5 demconstrate 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.

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
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 N
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 thresheld time t gey, @S shown by block 12 of
Figure 3. If, at the end of time t ey, the voltage
measured across the energy source has not dropped below
the minimum first phase terminal voltage threshold Vyogesys
first phase discharge continues, as shown in block 14 of
Figure 3. For high impedance patients, this situation
results in an extension of the first phase duration
beyond truresys @s shown in Figure 4, until the measured
voltage drops below the threshold Vigesy- Discharge then

.ends to complete the first phase, as represented by block

16 of Figure 3. If, on the other hand, the patient has
low impedance, the voltage will have dropped below Viggesu
when the time threshold is reached, resulting in a
waveform like the one shown in Figure S.

At the end of the first phase, and after a
predetermined interim period G, the polarity of the
energy source connection to the electrodes is switched,
as represented by blocks 18 and 20 of Figure 3.
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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
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 cof 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 defibrillators,
thereby minimizing defibrillator size, weight and -
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
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 ty gy ©r when the first
phase voltage drops below V’/iyesy- 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 trmesur ©ven if the voltage has not yet fallen below

V! uresus @S 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
trmesus @S shown in Figure 8.

Oonce again, the waveforms shown in Figures 7
and 8 could be expressed in terms of current versus time
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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
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' gy prior to the
first phase Quration threshold tigpu, as shown by blocks
91 and 92. This defibrillator decision path delivers a
waveform like that shown in Figure 8 for low impedance
patients. For high impedance patients, on the other
hand, if at the expiration of t geu the voltage has not
fallen below V' ypesu, the duration of the first phase is
extended beyond ti sy until the voltage measured across-
the electrodes reaches a second voltage threshold Vigesu.
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,
the second phase pulse could be a function of the first
phase wvoltage, current or time instead of having a fixed
time duration. In addition, any ¢f the above embodiments
could provide for alternating initial polarities in
successive monophasic or 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 waveform delivered by

"the system would be a negative first phase 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
electrodes.

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

Figure 10 is a schematic bklock diagram of a
defibrillator system according to a preferred embodiment
of this invention. The defibrillator system 30 cpmprises
an energy source 32 to provide the voltage or current
pulses described above. In one preferred embodiment,
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
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
controller 38. Specifica}ly, 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
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.

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
voltage. During this period, switches SWl, Sw2, SW3 and
SW4 are turned off so that no voltage is applied to the
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patient (represented here as resistor 78) connected
between electrodes 80 and 82. SW5 is turned on during
this tinme.

After charging the capacitor, controller 70 de-
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 simultanecusly turning on switches SWl1 and
SW4 via control signals Tl and T4, while switch SWS
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.
or when the voltage acrosé the electrodes has dropped
below a predetermined value as measured by comparator 86.
Timer 84 terminates pulse delivery by turning off switch
SWS via contrel signal TS, followed by turning off
switches SW1 and SW4. The voltage across electrodes 80
and 82 then returns teo zero.

puring 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
and SW3 via control signals T2 and T3 while switch SWS
remains on. This configuration applies voltage from the
capacitor to the electrodes at an initial second phase
voltage € and in a polarity opposite to the first

‘polarity. Timer 84 terminates delivery of the second

phase by turning off switch SWS5 via control signal TS5,
followed by turning off switches SW2 and SW3. The second
pPhase may be terminated at the end of a predetermined
pericd or when the voltage measured by comparator 86
drops below a second phase termination voltage thresholad.
In a preferred embodiment, switch SWS is an
insulated gate bipolar transistor (IGBT) and switches
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sw1—sﬁ4 are silicon-controlled rectifiers (SCRs). The
SCRs are avalanche-type switches which can be turned on
to a conductive 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 SW1-SW4 will close when SWS is closed and will
reopen only upon application of a specific 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
dpplied across switch SWS will occur when the first phase
is terminated by turning SWS off, at which time the -

capacitor voltage has decayed to some fraction of its
initial wvalue.

Other switches and switch configurations may be
used, of course without departing from the scope of the
invention. In addition, the defibrillator configurations
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
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:

/}4/ A method for applying electrotherapy to a
patient from a sourde external to the patient, the method
comprising the folloying steps:
electrodes on a patient, the
rically connected in a first

placing twd
electrodes being elech
polarity to an energy
charging the
corresponding to a firstg
discharging th
electrodes, the discharg

source external to the patient;
energy source to an energy level
start amplitude;

energy source across the

g step automatically

energy source to the elec bdés to a second polarity; and
discharging the #£neygy source across the

initial level, the method comprising the following step:

ross the
\

and until an electrical unit measured a¢

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

reversing the polarity of connection of the
energy source to %he electrodes to a second polarity; and

dischargling the energy source across the
electrodes.

6. The
discharging step in
second predetermined time period.

ethod of claim 5 wherein the
he reversed polarity continues for a

7. The method of claim 5 wherein the

discharging step in the reversed polarity continues until
red across the electrodes decays

terminal level.

an electrical unit mea
to a second predetermin

8. The met
of the discharging ste

f claim 5 wherein the duration
1 the reversed polarity is a
function of the duration af the first discharging step.
9. The method
source is a voltage source

f claim 4 wherein the energy
nd the measured electrical
unit is voltage.

10. The method of claim 9 wherein the wvoltage
source comprises a capacitor.

’Ltf/ A method for applying electrotherapy to a

-patient through electrodes external to a patient, the

electrodes being electrically cannected in a first
predetermined polarity to an eneygy source, the method
comprising the following steps:
(1) charging the energy\ source to an initial
level;
{2) discharging the enerygy source across the
electrodes;
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(3) revé;sing the polarity of connection of the
energy source to the electrodes to a second polarity and

repeating steps (1)) and (2) for successive electrotherapy
applications to the\same patient.

’}27’ A methed for applying electrotherapy to a
patient through electyodes external to a patijient, the
electrodes being connebted in a polarity to an enérgy
source, the method compgrising the following steps:

(1) charging the energy source to an initial
level;

(2) dischargin
electrodes;

the energy source across the
(3) reversing t pelarity of connection of the
energy source to the elec
(4) discharging
electreodes; and
(5) repeating st
electrotherapy applications tp the same patient, thereby

des;
energy source across the

(1) - (4) for successive

alternating the initial polarity of successive waveforms.
’sz/ A method for apﬁjying electrotherapy to a
patient from a source external &p the patient, the method
comprising the following steps: i
placing two electrodes\@n a patient, the
electrodes being electrically confhected in a first
polarity to an energy source exteS%al to the patient;
charging the energy souréﬁ to an energy level

\

‘corresponding to a first start amplitude;

discharging the energy source across the
electrodes at a first phase start ti

measuring the time elapsed

\e ;
‘;om the first phase
start time; N

stopping the energy source discharge when the

time elapsed reaches a first predetermihed time period;
k)

1010651

40



10
15
20
25
30

35

o/

At DKt 241082000600
PATENT

-18=

reversing the polarity of connection of the
des; and
RYgy Source for a second

energy source to the electr
discharging the e
predetermined time period.

14. The method of
source is a capacitor.

- {‘;54/ 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 energy scurce charged to an

¢laim 13 wherein the energy

initial level, the method comprising the following stepg:

discharging the energy scurce across the -
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 lewvel, whichever occurs first.

7

’ Oﬁ}ﬁf The method of claim/}g’further comprising
the follawWwing steps after the first discharging step:

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

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

% The method of claim %e/wherein the

dischargirfg step in the reversed polarity continues for a

‘'second predetermined time period.

. . The method of claim ;éfwherein the
dischargfng step in the reversed polarity continues until
an electrical unit measured across the electrodes decays
to a second predetermined terminal leve}.
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. The method of claim/}é/wherein the
duration of the discharging step in the reversed polarity
is a function of the duration of the first discharging

b A

. The method of claim 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

step.

being a function of the first phase end value.

7 4

. The method of claim wherein the energy
source is a voltage scource and the measured electrical
unit is wvoltage. -

. . The method of claim?;4/wherein~the voltage
source colhprises a capacitor.

’;24' An apparatus

electrotherapy to a patient’

or administering
heart through electrodes
external to the patient compriising:
an energy source;
first and second el
electrical contact with a pat

trodes adapted to make
a controller contro g application of
electrical energy from the en
electrodes, the controller com

y source to the
ising
a timer for generating a timing signal
corresponding to the application of electrical
energy from the energy lsource to the
electrodes, and
means for selectivq4ly connecting the
energy source to the eleftrodes in a first

polarity and in a secondlpolarity.
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pparatus of claim 23 wherein the
omprises means for measuring an

the energy source applied across the
génerating a signal corresponding to

the measured electrichl unit.

25. The
energy source is a
electrical unit is

26. The

apparatus of claim 24 wherein the
velttage source and the measured
voltage.

apparptus of claim 25 wherein the

voltage source comprises\a capacitor.

27. The
energy source is a
electrical unit is

28. The
controller further

determining whether the meas

24 wherein the
the measured

apparatu; of claim 24 wherein the
comprises) threshold means for
red electrical unit signal

is less than a predetermined &hreshold value.

29. The

apparatus of claim 28 wherein the

means for selectively connecting comprises a first switch

for connecting a first terminallof the energy socurce with

the first electrode; a second suWitch for connecting the
first terminal of the energy soulce with the second

electrode; a third

‘electrode with a junction; a fourl
the second electrode with the 3jundg

switch for connecting the first
h switch for connecting

ion; and a fifth

switch for connecting the junctioniwith the second

terminal of the energy source.

307" An apparatus for admil
electrotherapy to a patient’s heart
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a voltage ¥ource having first and second

terminals;
first and se
electrical contact wit
a controller'controlling application of voltage

cond electrodes adapted to make
a patient; and

from the wvoltage source\to the electrodes, the controller
comprising means for selectively connecting the voltage
source to the electrodes\in a first polarity and in a
second polarity, the meank for selectively connecting
comprising
a first switch for connecting the first
terminal of the pltage source with the first
electrode;
a second switfbh for connecting the first-

terminal of the vofdtage source with the second

)

a fourth switch

electrode;
a third switc

A\or connecting the first

for connecting the second
electrode with the juriction; and
a fifth switch foX® connecting the Jjunction

of the voltage source.

Aim 30 wherein the
polar transistor.

\

32. The apparatus of clai)

fifth switch is an insulated gate b

31 wherein the
es are silicon

controlled rectifiers.

. An external defibrillat
an energy source;

dr comprising:

first and second electrodes adg
electrical contact with external sites oRf

pted to make
a patient;
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a controller co
electrical energy from the
electrodes, the controller

a timer for
5 corresponding to
energy from the enBrgy source to the

rolling application of

enerdgy source to the
omprising

enerating a timing signal

e application of electrical

electredes, and
means for sel
energy source to t
10 polarity for a first
and in a second pola
predetermined time pekicd.

tively connecting the
electrodes in a first
predetermined time period
ity for a second

34. The apparatus of &laim 33 wherein the -

15 energy source comprises a capacitpr.
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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 ail business in connection with all patent applications directed to the
invention:

107841.1 -2-
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William H. Benz --Reg. No. 25,952 Barbara J. Luther - Reg. No. 33,954

Karl Bozicevic - Reg. No. 28,807 Michelle M. McSpadden - Reg. No. 32,048
Felissa H. Cagan - Reg. No. 35,089 Kate H. Murashige - Reg. No. 29,959
Thomas E. Ciotti - Reg. No, 21,013 Gladys H. Monroy - Reg. No. 32,430
Alan E. Dow - Reg. No. 35,123 Jackie N. Nakamura - Reg. No. 35,966
Patricia M. Drost - Reg. No. 29,790 Freddie K. Park - Reg. No. 35,656
Nancy Joyce Gracey - Reg. No. 28,216 Paul F. Schenck - Reg. No. 27,253

Bill Kennedy - Reg. No. 33,407 Lynne E. Schwenning - Reg. No. P37,233
Paul C. Kimball - Reg. No. 34,641 James R. Shay - Reg. No. 32,062

Susan K. Lehnhardt - Reg. No. 33,943 Debra A. Shetka - Reg. No. 33,309
Timothy J. Lithgow - Reg. No. 36,856 Cecily Anne Snyder - Reg. No. P37,448
Shmuel Livnat - Reg. No. 33,949 E. Thomas Wheelock - Reg. No. 28,825

Address all correspondence to: James R. Shay, Esq.

MORRISON & FOERSTER
755 Page Mill Road
Palo Aito, CA 94304-1018

Address all telephone calls to: James R. Shay at (415) 677-6394.

I 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 imprisonment, or both, under § 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 issued thereon.

[ U

Full Name Inventor: BRADFORD E. GLINER

Signature: > Date m

Residence:_Bellevue, Washington (/7
Citizenship: U.S.A.
Post Office Address: 3020 128th Avenue N.E., Bellevue, WA 98005

1078411 -3-
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22

Full Name Inventor: THOMAS D. LYSTER

Signature: ﬂ%'d/) /ﬁ /‘7/5 ,C— 7 Date 77 -~ 22

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

z2/

Full Name Inventor: CLINTON S, COLE

7 .
" (/// /) L
Signature: ___ o e //L r’/‘VL‘/ A Date /s
Residence: Kirkland, Washington /A

Citizenship: U.S.A.
Post Office Address: 11417 N.E. 100th, Kirkland, WA 98033

o)

Full Name Inventor: DANIEL J. POWERS

Signature: @Q&Mﬁ/ Date ét] 3 l q 5

Residence: Bainbridge Island Washington MJ”

Citizenship: U.S.A.
Post Office Address: 10797 Bill Point View N.E., Bainbridge Island, WA 98110

59V
Full Name Inventor: CARLTON B. MORGAN

|
Signature: Q‘Jj‘—% \/:,LL Wt Date 2 l'? lQB

Residence: Bainbridge Island, Washington D‘J ﬁ/
Citizenship: U STAT
Post Office Address: 4143 Palomino Drive N.E., Bainbridge Island, WA 981180

107841.1 -4-
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Appiicant or Patentes: _ - 'FORD E. GLINER et al.

Antom
Serial or Paten No.: ____08/103,837 Dockat o 241082000600
Filed or Issued: August 6, 1993 L ———
For . ELECTROTHERAPY METHOD AND APPARATIS

VERIFIED STATEMENT (DECLARATICON) CLAIMING SMALL ENTITY STATUS
37 CFR 1.9(f) and 1.27(c) - SMALL BUSINESS CONCERN

| hereby deciare that | am

[ 1 the owner of the small business concem identified below:
[K¥oan official of the smat business concem empowered to act on behalf of the concern identified
beiow:

NAME OF CONCERN__ [ -ARTSTREAM, INC.

ADDRESS OF CONCERNMarket Place Tower, Suite 610, 2025 First Avenue,
Seattle, WA 98121

| hersby deciare that the above identified small business concem qQuaiifies as a small business concem as
detfined in 13 CFR 121.3-18, and reproduced in 37 CFR 1.9(d). for purposes of paying reduced tees under
secton 41(a) and (b) of Title 35. United States Code, in that the number of employees of the concem,
including those of its affilates. does not exceed 500 perscns. For purposes of this statement. (1) the
number of empioyees of the business concem is the average over the previous fiscal year of the concerm ot
the person empioyed on a full-time. part-time or temporary Dasis during each of the pay periods of the fiscal
year, and (2) concems are affiiates of each other when either, directly or indirectly, one concem controis or
has the power to comntrol the other, or a third party or parties controis or has the power to control both,

| hereby declare that rights under contract or law have been conveyed to m? in with the smail
business concem identified above with regard to the invention, entitied TROTHERAPY METHOD
AND APPARATUS by inventor(s)

Bradford E. Gliner, Thomas D, Lyster., Clinton S. Cole, Daniel J. Powers and ___

Carlton B. Morgan

described in
[ ] the specification filed herewith
I3Xappiication senai no. 08/103,837 filed __August 6, 1993
[ | patent no . issued

if the rights held by the above identified smail 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 heid by any peraon, other than the inventor, who could not qualify as an independent inventor f
that person made the invention under 37 CFR 1.9(c) or by any concsrn which wouid not qualify as a
small business concern under 37 CFR 1.9(d) or by a nonprofit organization under 37 CFR 1.9(e).
*NOTE: Separate verified statements are required from ssch named person, concern or organization
having rights t0 the invention avernng to their status as smalil entities. (37 CFR 1.27)

NAME
ADDORESS

[ 1INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION

NAME
ADCRESS

[ 1INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ | NONPROFIT ORGANIZATION

| acknowledge the duty to file, in this application or patent, notification of any change in status resufting in
ioss of sntitiement 10 SMall entity status pror 10 paying, or at the time of paying, the sarliest of the issue fee
or any maintenance fee due after the date on which status as a small entity is no longer appropriate. (27
CFR 1.28(b)}

| hereby declare that all statements made herein of my own knowiledge are true and that al statements
made 3n information and belief are belleved to be true: and turther that these statemems wers mace with
the knowledge that willful faise statements and the like so made are punishable by fine or impnsonment. or
Bl uioeT sweihoil TO0T @ Trie 18 i Live Wraied Sldies COdw, aiks th SuGh wihul raise siatemens: ci2y
jeopardize the validity of the appication, any patent issuing thereon, or any PEIeM 10 which this veniiy:
statament is directed.

NAME OF PERSON siGNING __BRADFORD £ . G/INER
TITLE OF PERSON OTHER THAN OWNER _DIRECIOL OF RESEARLH

ADDAESS CF FERSCON SIGNING Market Place Tower, Suite 610, 2025 First
Avenue, Seattle, Washington _98121 ——
SIGNATURE v ol & Lo OATE __3/2/53 __
9/92
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ANTICIPATED CLASSIFICATION: PRIOR APPLICATION:
CLASS SUBCLASS EXAMINER ART UNIT
. K. Schaetzle 3305

Morrison & Foerster LLp
345 California Stréet ™~

San Francisco, California 94104-2675

CERTIFICATE OF MAILING BY “EXPRESS MAIL”
Express Mail Label No.: EM221308163US Date of Deposit: February IA_, 1996

I hereby certify that this paper or fec is being deposited with the United States Postal Service “Express Mail Post Office to Addressee” service

under 37 CF.R. § 1 10 on the date indicated abov%%ﬂm%nissioner for Patents, Washington, D.C. 20231.

Andrew R. Schmidt

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

37 C.F.R. § 1.60 —— - .
REQUEST FOR FILING ~—/—)£& A rte ) Vel M
DIVISIONAL APPLICATION . EL

Box PATENT APPLICATION &S -z22-9 ¢
Assistant Commissioner for Patents )‘) ﬁ
Washington, D.C. 20231 ’ Z)

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 NAME FAMILY NAME FIRST (AVEN NAME SECOND GIVEN NAME
OF INVENTOR | Lyster Thomas D.

FULL NAME FAMIEY NAME FIRST GEVEN NAME SECOND GIVEN NAME
OF INVENTOR | Cole Clinton S.

FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
OF INVENTOR | Powers Daniel J.

sf-85370

/|

v/

/
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FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
OF INVENTOR | Morgan Carlton B.
= 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. 08/103,837 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.
[£3] 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).
Bt The filing fee is calculated below:
FOR KUMBER FILED NUMBER EXTRA " RATE CALCULATIONS
TOTAL CLAIMS 18-20= 0 x $22.00 50
INDEPENDENT CLAIMS 2-3= 0 x $78.00 $0
MULTIPLE DEPENDENT CLAIM(S) (if applicable) $250.00 $0
BASIC FEE $750.00
TOTAL OF ABOVE CALCULATIONS = $750.00
Reduction by 1/2 for filing by smail entity (Note 37 C.F.R. §§ 1.9, 1.27, 1.28). $375.00
If applicable, verified must be attached
TOTAL ~ $375.00
BE . A check in the amount of $375.00 is enclosed.
2 Rule 60 Divisional of Serial No 08/103,837

Docket No 241082000610
sF-85370
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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. ]j/ -
Cancel in this application original claims 1-T4 and Z%e prior application before

calculating the filing fee.

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

®

sf-85370

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

“’[‘ransfer the drawings from the pending prior application to this application and abmndoen———

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.

New formal drawings are enclosed.

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

35U.8.C. § 119.

|| The certified copy of the priority application *[is enclosed/has been filed in prior
application serial no. *, filed on *].

a A certified copy has NOT yet been filed.

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

A preliminary amendment is enclosed.

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)

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

3 Rule 60 Divisional of Serial No 08/103,837
Docket No 241082000610
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= Recognize as Associate Attorney(s):

Tyler Dylan (Reg No 37,612)

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 Adeii (Reg No P39,585)

Sean Brennan (Reg No P39,917)

J. Michael Schiff (Reg No P40,253)
Robert K. Cerpa (Reg No P39,933)

I Address all future communications to:

Stuart P. Kaler

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 ITI {(Reg No P40,124)
Robert A. Millman (Reg No 36,217)
Ronald D. Devore (Reg No P39,958)

Morrison & Foerster Lie,

345 Calhformia S

San Francisco, California 94104-2675

Dated: February /5 , 1996

Respectfully submitted,

sf-85370

75

By:

a2

Stuart P. Kaler
Registration No. 35,913
'.—‘__——-‘

Morrison & Foerster Lie

345 California Street

San Francisco, California 94104-2675
Telephone: (415) 677-6159%9

Facsimile: (415) 677-7522

Rule 60 Divisional of Serial No 08/103,837
Docket No 241082000610
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- i uglg ff: ANTICIPATED CLASSIFICATION: PRIOR APPLICATION:
DOCK. BER / CLASS SUBCLASS EXAMINER ART UNIT
241082000610 .~ - K. Schaetzle 3305

Morrison & Foerster LLp
345 California Street

San Francisco, California 94104-2675

CERTIFICATE OF MAILING BY “EXPRESS MAIL*”

Express Mail Label No. EM221308163US Date of Deposit. February A_ 1996

I hereby certify 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 above and is a, dresse? to* Assijtam Cofimissioner for Patents, Washington, D C. 20231
- ’L(,» ?

St~ /.

Andrew R. 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, entitted ELECTROTHERAPY

METHOD AND APPARATUS by the following inventor:

FULL NAME FAMILY NAME TIRST GIVEN NAME SECOND GIVEN NAME
OF INVENTOR [ Gliner Bradford E.

FULL NAME FAMILY NAME 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 FIRST GIVEN NAME SECOND GIVEN NAME
OF INVENTOR | Powers Daniel J.

sf-85370
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.
FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME

OF INVENTOR | Morgan Carlton B.

= 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. 08/103,837 as originally
filed on August 6, 1993, and that any amendments referred to in the declaration and oath
did not introduce new matter. Further [ 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.

€3] 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).

£ The filing fee is calculated below:
FOR NUMBER FILED NUMBER EXTRA RATE CALCULATIONS
TOTAL CLAIMS 18 -20= 0 x $22.00 0
INDEPENDENT CLAEMS 2-3= 0 x $78.00 $0
MULTIPLE DEPENDENT CLAIM(S) (if applicable) $£250.00 30
BASIC FEE $750.00
TOTAL OF ABOVE CALCULATIONS = $750.00
Reduction by 1/2 for filing by small entity (Note 37 C.F.R. §§ 1.9, 1.27, 1.28). $375.00
If applicable, verified must be hed
TOTAL = $375 00
= A check in the amount of $375.00 is enclosed.
2 Rule 60 Divisicnal of Serial No 08/103,837
Docket No 241082000610
sf-85370
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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 Nao, 03-1952. A duplicate copy of this sheet is

enclosed.

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

calculating the filing fee.

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 --

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.

New formal drawings are enclosed.

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

35U.S.C.§119.°

a 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.

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

A preliminary amendment is enclosed.

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)

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

3 Rule 60 Divisional of Serial No 08/103,837
Docket No 241082000610
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Recognize as Associate Attorney(s):

Tyler Dylan (Reg No 37,612)

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)

Address all future communications to:

Stuart P. Kaler

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)

Morrison & Foerster Lie

345 California Street

San Francisco, California 94104-2675

Dated: February / i , 1996

Respectfully submitted,

By:
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I bereby certify that this correspondence is being deposited with the United States Postal Service “Express
MYfT Post Office to Addressee” service under 37 CFR 1.10 on the date indicated above and is addressed to:
Assistant Commissioner for Patests, Washington, D.C. 20231.

Andrew R. Schmidt 7?1/‘%\/%

Name (print) Signature

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

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

Serial No.: Division of 08/103,837 ‘ Group Art Unit: unknown
Filing Date: Concurrent herewith Examiner: unknown
Title: Electrotherapy Method and Apparatus ’ J /
rrgnrs f-1
PRELIMINARY AMENDMENT . S e hALE Z

Assistant Commissioner for Paténts J' Z Z - ?é
Washington, DC 20231 /3 £ F

Sir:

Prior to examination on the merits, please amend this application as follows:
IN THE CLAIMS:

Please add the following new claims:

- }S’ 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;
S monitoring 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 a phase of the multiphasic waveform until the end of a predetermined time period or

\
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until the monitored electrical parameter reaches a predetermined value, whichever occurs
first.
/° g
/( The method of claim ?.(vvvherein the electrical parameter is energy source
voltage.
(f
% The method of claim 3% wherein the electrical parameter is energy source
current.
(Z
/}( _ The method of claim 35 wherein the adjusting step further comprises
adjusting 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.
(%
}é The method of claim 38 wherein the discharge parameter of the later phase
is phase duration.
g 7
}é./ The method of claim}(wherein the adjusting step further comprises
adjusting a discharge parameter of a later phase of the multiphasic waveform as a

function of uration of an earlier phasc

y The method of claim )E(vh? the discharge parameter of the later phase

is phase duration.

% The method of c]aim%:vherein a phase of the multiphasic waveform has

a fixed duration. ——

g

f . The method of ¢laim ;8/ wherein the multiphasic waveform has an earlier

phase and a later phase, the later phase having a fixed duration.
fshayjiwinword\patent\2000600\prelim1.doc 2
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% The method of clajmﬁ’{ wherein the multiphasic waveform comprises a

: ' J < ' Atty Dkt 241082000610
C&\ @P /9 7

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,

B 2

James R. Shay
Registration No. 32,062

MORRISON & FOERSTER
345 California Street

San Francisco, CA 94104
(415) 677-6159

Fax: (415) 677-7522

f-\shayjiwinword\patent\2000600\prelim1_doc 3
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_ May o ;.. Docket No. 241082000610
CERTIFICATE OF MAILING BY “FIRST CLASS MAIL”
1 hereby certify that this correspend is being deposited with the Unite m@%ﬁrﬂ class mail in an envelope gddressed to:

Assistant Cc issi for P , Washi D.C. 20231, on May 15, 1996.

Christian Neville

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In the application of*
Gliner et al.

Serial No.: 08/601,617

Filing Date:  February 14, 1996 .
For: ELECTROTHERAPY METHOD AND e# TR EAL
APPARATUS
& 2 TV-%e

INFORMATION DISCLOSURE 4
STATEMENT UNDER 37 C.F.R. § 1.97

Assistant Commissioner for Patents
Washington, D.C. 20231

Dear Sir:

The information 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 hereéwith. This protocel conforms with 37 CFR § 1.98(d) and MPEP 609(A)(2). The
Examiner is respéctfully 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).
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3,'1;82,389 to Bell (01/01/74).

3,860,009 to Bell et al. (01/14/75).
3,862,636 to Bell et al. (01/28/75).
3,886,950 to Ukkestad et al. (06/03/75).
4,023,573 to Pantridge et al. (05/17/77).
4,328,808 to Charbonnier et al. (05/11/82).
4,419,998 to Heath (12/13/83).

4,473,078 to Angel (09/25/84).

4,494,552 to Heath (01/22/85).

4,504,773 to Suzuki et al. (03/12/85).
4,574,810 to Lerman (03/11/86). ‘
4,595,009 to Leinders (06/17/86).
4,610,254 to Morgan et al. (09/09/86).
4,619,265 to Morgan et al. 10/28/86).
4,637,397 to Jones et al. (01/20/87).
4,745,923 to Winstrom (05/24/88).
4,800,883 to Winstrom (01/31/89).
4,821,723 to Baker, Jr., et al. (04/18/89).
4,840,177 to Charbonnier et al. (06/20/89).
4,848,345 to Zenkich (07/18/89).
4,850,357 to Bach, Jr. (07/25/89).
4,953,551 to Mehra et al. (09/04/90).
4,998,531 to Bocchi et al. (03/12/91).
5,078,134 to Heilman et al. (01/07/92).
5,083,562 to de Coriolis et al. (01/28/92).
5,107,834 to Ideker et al. (04/28/92).
5,111,813 to Charbonnier et al. (05/12/92).
5,111,816 to Pless et al. (06/12/92).
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2 Serial No. 08/601,617
Docket No. 241082000610

84



1J.S. Patent No. 5,215,081 to Ostroff (06/01/93).

U.S. Patent No. 5,222,480 to Couche et al. (06/29/93).
U.S. Patent No. 5,222,492 to Morgan et al. (06/29/93).
U.S. Patent No. 5,230,336 to Fain et al. (07/27/93).

U.S. Patent No. 5,237,989 to Morgan et al. (08/24/93).
U.S. Patent No. 5,249,573 to Fincke et al. (10/05/93).
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In addition to the references disclosed above, the information listed below was previously
" cited in an Office Action dated October 13, 1995 directed to the parent application Serial
Numter 08/103,837 (filed August 6, 1993). Copies of the publications are included in the parent
prosecution application; therefore, copies are not included herewith. The Examiner is
respectfully requested to make this information of official record in the above-identified

application. The information includes:
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1J.S. Patent No. 5,097,833 to Campos (03/19/92)
U.S. Patent No: 5,334,430 to Berg et al. (09/19/94)
U.S. Patent No. 5,411,526 to Kroll et al. (05/19/95)

In addition to the references disclosed above, the information listed below was previously
disclosed in Information Disclosure Statements in connection with patent application Serial No.
08/227,553 (filed April 14, 1994) a continuation-in-part of the parent patent application Serial
Number 08/103,837 (filed August 6, 1993). Copies of the references are submitted herewith.
The Examiner is requested to make these references of record in the application. The references
include:

Furopean Patent Publication No. EP 0,315,368 (05/10/89).
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Schuder et al., “Waveform dependency in defibrillation,” Devices & Tech.
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Finally, in addition to the references disclosed above, the information listed below was
previously disclosed in the first action dated May 3, 1996, in connection with patent application
Serial No. 08/601,234 (filed February 14, 1996) a divisional of the parent patent application
Serial Number 08/103,837 (filed August 6, 1993). A copy of the reference is submitted
herewith. The Examiner is requested to make this reference of record in the application. The
reference is:

U.S. Patent No. 5,352,239 to Pless (10/04/94)

CERTIFICATE OF PROMPT FILING
This Information Disclosure Statement is submitted before receipt of the first Office
Action on the merits. Therefore, applicant believes that no fee is due. However, the Assistant

Commissioner is hereby authorized to charge any fees which may be required by this statement

to Deposit Account Number 03-1952.
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The completed PTO-1449 form is submitted herewith. Applicant would appreciate the
Examiner initialing and returning the Form PTO-1449, indicating that the information has been
considered and made of record herein.

This Information Disclosure Statement under 37 C.F.R. § 1.97 is not to be construed as a
representation that: (i) a complete search has been made; (ii) additional information material to
the examination of this application does not exist; (iii) the information, protocols, results and the
like reported by third parties are accurate or enabling; or (iv) the above information constitutes

prior art to the subject invention.

Dated: May 15, 1996
Respectfully submitted,
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Registration No. 35,913
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345 California Street

San Francisco, California 94104-2675
Telephone: (415) 677-6159
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Application No. Applicant{s}
08/601,617 Gliner ot al.
Notice of Allowability ’ Exarminer Sroup ArUnit m
- == |{[HHEILHIY

Ali claims being allowable, PROSECUTION ON THE MERITS IS {OR REMAINS)} CLOSED in this application. If not included
herewith {or previously mailed}, a Notice of Allowance and issue Fee Due or other appropriate communication will be
matled in due course.

. X This communication is responsive to the amendment received Feb 14, 1936

The allowed claimi(s) is/are 15-22 and 35-44

[CJ The drawings filed on are acceptahie.

1 Acknowledgement is mads of a claim for foreign priority under 35 U.S.C. § 119(a}-{d).
{0 Al [J Some* [ None of the CERTIFIED copies of the priority documents have been
O received.
[ received in Application No. {Series Code/Serial Number}
[ received in this national stage application from the International Bureau {PCT Rule 17.2(al).

*Certified copies not received:
f_] Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted beiow is set to EXPIRE
THREE MONTHS FROM THE "DATE MAILED" of this Office action. Failure to timely comply will result in
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

[} Note the attached EXAMINER’S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARAT!ON IS REQUIRED.

X Applicant MUST submit NEW FORMAL DRAWINGS

] becausa the originally filed drawings were declared by applicant to be informal.

X including changes required by the Notice of Draftsperson's Patent Drawing Review, PTO-948, attached hereto or
to Paper No. 5 .

[ including changes required by the proposed drawing correction filed on , which has been
approved by the examiner.

] including changes required by the attached Examiner's Amendment/Comment.

Identifying indicia such as the application number (see 37 CFR 1.84(c}} should be written on the reverse side of the

drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official

Draftsperson.

[J Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any response to this letter should include, in the upper right hand corner, the APPLICATION NUMBER {SERIES
CODE/SERIAL NUMBER]). If applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE shouid alsc be included.
Attachment(s)

3 Notice of References Cited, PTO-892

Information Disciosure Statement(s), PTC-1449, Paper Nois}. 4

X Notice of Draftsperson's Patent Drawing Review, PT0-948

[Z1 Notice of Informal Patent Application, PTO-152

] Interview Summary, PTO-413

1 Examiner's Amendment/Comment

[J Examiner's Comment Ragarding Requirement for Deposit of Biological Material

XI Examiner's Statement of Reasons for Allowance

U S Patant and Trademark Oftice

PTO-37 (Rev. 9-95) Notice of Allowability Part of Paper No.,_ &
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Serial Number: 08/601,617 Page 2

Art Unit: 3305

REASONS FOR ALLOWANCE

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

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for
Allowance."

2. Any inquiry concerning this communication should be directed to Ken Schaetzle at
telephone number (703) 308-2211.

=% ’
K.S. /\Z - N—
September 9, 1996

WILLIAM £, KAMM
PPRMARY EXAM'NER
wl URIT 335
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Form PTO 948 (Rev. 10-94)

U.S. DEPARTMENT OF COMMERCE - Patent and Trademark Office Application No. .QS/Q_QI;E l?

NOTICE OF DRAFTSPERSON’S PATENT DRAWING REVIEW

PTO Draftpersons review all originally filed drawings regardless of whether they are designated as formal or informal. Additionally,

patent Examiners will review_thed gs,
the Drawing Review Bran

of compliance with the regulations. Direct telephone inquiries concerning this review to

The diawings filed (insert date) , are
A —._ not objected to by the Drafisperson under 37 CFR 1.84 or 1.152.
B.._ _ obijected to by the Drafisperson under 37 CFR 1.84 or 1.152 as

indicated below. The Examiner will require submission of new, corrected
drawings when necessary. Corrected drawings must be submitted
according to the instructinns on the back of this Notice.

1. DRAWINGS. 37 CFR 1.84(a}: Acceptable categories of drawings:
Black ink. Color.
_._ Not black solid lines. Fip(s)
. Color drawings are not acceptabile until petition is granted.
Fig(s) _______ .
2. PHOTOGRAPHS. 37 CFR 1.84(b)
. Photographs are not acceplable until petition is granted.
Fig(s) ___ _
. .—— Photographs not properly mounted (must use brystol board or
photographic double-weight paper). Fig(s)
____ Poor quality (half-tone). Fig(s).
GRAPHIC FORMS. 37 CFR 1.84 (d)
___ Chemical or mathematical formula not labeled as separate figure.
Figtsy ___
____ Group of waveforms not presented as a single figure, using
commen vertical axis with time extending along horizonltal axis.
Figse)____
Individuals waveform not identified with a separate letter
designation adjacent (o the vertical axis. Fig(s)
4. TYPE OF PAPER. 37 CFR 1.84(c}
____ Paper not flexible, strong, white, smooth, nonshiny, and durable.
Sheet{s)___
__ Erasures, alterations, overwritings, interlineations, cracks, creases,
and folds copy machine marks not accepted. Fig(s)
. Mylar, velum paper is not acceptable (too thin). Fig(s)
5. SIZE OF PAPER. 37 CFR 1.84(f): Acceptable sizes:
21.6 cm. by 35.6 cm. (8 V2 by 14 inches)
21.6 cm. by 33.1 ecm. (8 Y2 by 13 inches)
21.6cm. by 279 cm. (8 /2 by 11 inches)
21.0 cm. by 29.7 cm. (DIN size A4)
___ All drawing sheets not the same size. Sheet(s)
___ Drawing sheet not an acceptable size. Sheet(s)
6. MARGINS. 37 CFR 1.84(g): Acceptable margins:

Paper size

21 6em X356cm. 21.6cm X 33.icm. 21.6cm. X 279 cm. 21.0cm. X 29.7 cm.
(B1/2 X 14 inches) (8 /2 X 13 inches) (8 V2 X 11 inches) (DIN Size Ad4)

T 5.1 cm. {2") 25 em. (1) 2.5cm. (1) 2.5cm

L .64 cm. {1/4") .64 cm. (14") &4 cm. (1/4") 2.5 om.
R 64 cm. (1/4") .64 cm. (1/4™) 64 cm. (1/4™) 1.5cm
B .64 cm. (1/4) 64 cm. (1/4") 64 cm. (1/47) 1.0cm.

Margins do not cgnifx 1o chart above.
Sheet(s). E fi
42 Top(Ty__ Leﬁ;f) ~___Right(R) ___Bottom (B)

VIEWS. 37 CFR 1.84¢(h)
REMINDER: Specification may require revision to correspond to
drawing changes.

e All views not grouped together. Fig{s).

___ Views connected by projection lines or lead lines.
Fig(s)______.

. View and enlarged view not labled separatly or properly.

Figts) -
Sectional views. 37 CFR 1.84 (h} 3

__ Haiching not indicated for sectional portions of an object.
Fig(s)

__ Cross section not drawn same as view with parts 1n cross section
with regularly spaced parallel oblique strokes. Fig(s)

8  ARRANGEMENT OF VIEWS. 37 CFR 1.84(i)

__. Words do not appear on a horizontal, left-to-right fashion when
page is either upright or turned so that the top becomes the right
side, except for graphs. Fig(s)

9. SCALE. 37 CFR 1.84(k)

____ Scale not large enough to show mechanism with crowding
when drawing is reduced in size to two-thirds in reproduction.
Fig(sy_____ _

____ Indication such as “actual size” or scale 1/2” not permitted.
Fig(s)

CHARACTER OF LINES, NUMBERS, & LETTERS. 37 CFR
1.84(1y
Lines, numbers & letters not uniformly thick and well defined.
clean, durabie, and black {except for color drawings).
Fig(s).
SHADING. 37 CFR 1.84(m)
_ . Solid black shading areas not permitted.
Fig(s) o

. Shade lines, pale, rough and blurred. Fig(s)

12. NUMBERS, LETTERS, & REFERENCE CHARACTERS. 37 CFR

1.84(p)

_¥_ Numbers and reference characters not plain and iegible. 37 CFR
1.84(p)(1) Fig(s)

____ Numbers and reference characters not oriented in same direction
as the view. 37 CFR 1.B4(p)() Fig(s)

___ English alphabet not used. 37 CFR 1.84(p)2)

Fig(s)___ I

W Numbers, letters, and reference characters do not measure at least
.32 cm. (1/8 inch) in height. 37 CFR(p)}3)

Fig(s)

13. LEAD LINES. 37 CFR 1.84(q)

___ Lead lines cross each other. Fig(s)

__ Lead lines missing. Fig(s)

14, NUMBERING OF SHEETS CF DRAWINGS. 37 CFR 1.84(t)

___ Sheets not numbered consecutively, and in Arabic aunerals,
beginning with number 1. Sheet(s)

15. NUMBER OF VIEWS. 37 CFR 1.84(u)

___ Views not numbered consecutively. and in Arabic numerals.
beginning with number 1. Fig(s) .

—_ View numbers not preceded by the abbreviation Fig
Fig(s),

16. CTORRECTIONS. 37 CFR 1.84(w)

___ Corrections not made from prior PTO-948.
Fig(s).

17. DESIGN DRAWING. 37 CFR 1.152

___ Surface shading shown not appropriate. Fig(s).

___ Solid black shading not used for color contrast.

10.

11.

Partial views. 37 CFR 1.84(h) 2 Fig(s)
COMMENTS:
A
N
%
.
s .
ATTACHMENT TO PAPER NO. reviEwer___ L A P W
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NOTICE OF ALLOWANGEAND ISSUE FEE DUE

STUART P KALER

MORRISON & FOERSTER

345 CALIFORNIA STREET
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THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CL.OSED.

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS

APPLICATION SHALL BE REGARDED AS ABANDONED. THI h AN B
HOW TO RESPOND TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above. If the SMALL ENTITY is shown as NO:

i the SMALL ENTITY is shown as YES, verify your
current SMALL ENTITY status:

A. If the status is changed, pay twice the amount of the A. Pay FEE DUE shown above, or
FEE DUE shown above and notify the Patent and
Trademark Office of the change in status, or

B. If the status is the same, pay the FEE DUE shown B. File verified statement of Small Entity Status before, or with,
above. payment of 1/2 the FEE DUE shown above.

tl. Part B of this notice should be completed and retumed to the Patent and Trademark Office (PTO) with your ISSUE FEE.
Even if the ISSUE FEE has already been paid by charge to deposit account, Part B should be completed and returned.
If you are charging the ISSUE FEE to your deposit account, section “6b” of Part B should be completed. /

HI. All communications regarding this application must give application number and batch number.
Please direct all communication prior to issuance to Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDEB Patents issuing on applications flied on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee’s responsibility to ensure timely payment of maintenance
fees when due.

3. PATENT AND TRADEMARK OFFICE COPY
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including the issue Fee Receipt, the Patent, advance orders and notification of maintenance fees will be mailed to addi in Block 1 unless you direct otherwise,
by: (a) spocnlymg anew mrrsspondsnoe address in Block 3 below; or (b) providing the PTO with a separate “FEE ADDRESS” for maintenance fee notifications with the payment

of Isgup Fee or th for Certifi of Mailing, below.

Undaer the Paperwork Hnaduchon Act of 1895, no p 18 are required to respond to a collection of inf: i | it displays a valid OMB controtdiiinber.

Burden Hour Statement: This form is estimaied to take 0.2 hours to complete. Time will vary

depending on the needs. of the individual case. Any comments on the amount of time required to 2. INVENTOR(S) ADDRESS CHANGE (Complets only H thers is & change)

complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, INVENTOR'S NAME

Washington, D.C. 20231. o DR - .

DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Box lssue Fee, | Strest Address PRI P

Assistant Gor e for P Washington D.C. 20231 Publishing Miyisign
o Lo Gity, State and ZIP Code

PP PP
1. CORRESPONDENCE ADDRESS IIMEFOSES _
—‘——F—S‘Tﬂ'ﬂ'ﬁ"f P—HKALER CO-INVENTOR'S NAME SEP 5 0 |996

{c MORRISON & FOERSTER
345 CALIFORNIA STREET N Strest Address nT
SAMN FRANCISCO CA S4104-2675 Ghy, 128 and ZiF Gods L~ |

[]check it aaditional.changes are enciosed

APPLICATION NO. | FILING DATE [ TOTAL CLAIMS" | EXAMINER AND GROUP ART UNIT I DATE MAILED

: 08/'601.61/ o2/ 14/‘96 o118 SCHAETZLE, K 2305 0L/13/9%
First Named N =
Apphicant GILINER ARANFORN _E

TITLE OF
INVENTION B LECTROTHERAPY METHOD -

ATTY'S DOCKET NO. | cLasssueciass | Batchno. | apPin.TYPE | smawentiy | FEEDuE | DATE DUE
; 3 241082000610 607-007.000 E19 UTILITY YES $6525.00 12/12/96%
3. Correspc dd (Cc only i there is a change) 4. For printing on the patent front 3
’ mm"ﬁmsmmmumm , Morrison & Foerster
Heartstream, Inc. . patent ¥s of agents
Legal Department OR alternatively, the name of a firm
having as a member a registered 2
2401 Fourth Avenue, Suite 300 am,,“g,.,,aqm 1 s P 13 listed,
Seattle, WA 98121.1436 no name will be printed.
3
[3 mu TO HE PRINTED ON THE PATENT (print o typs)
‘ ] EAM., INC. 6a. The following fees are enclosed:
(2) ADDRESS: (CITY & STATE OR COUNTRY] 3 tesue Feo 1 Advance Crder - # of Copies
: Seattle WA b, ‘he following fees should be charged to:
DEPOSIT ACCOUNT NUMBER 08-1515
(ENCLOSE A COPY OF THIS FORM)
A ] This apphcation [s NOT assipned. Fee XX Advance Order- #of Coples . L2
G Assigrment p y 10 the Patent and Teademark Offioe. X I Any Deficiencies in_Encicsad Fees
; The COMMISSIONER OF PATENTS AND TRADEMARKS is
deueuma::As! Db oag cover. should be requestd 10 apply the Issie Fee 10 the appication identfied above.
mummmhummuwmws o assignes data wil appesr an the paiers. (Date)
" of data is onty approp r i has been p m q‘z"“qb
‘.P"TOorllbdng under sep, cover. ot this form Ia NOT & substitute for Ing hanhe
eransrworﬂnmlwrmorou;lpuny

Caertificate of Mailing
: It this certificate of mailing is used, it can only be usod to transmit the Issue Fee. This certificate cannot be used for any ather accompanying papers.

E additional paper, such as an o g. must have its own certificate of mailing.
t hereby certify that this pond: is bomg ited wlth the United States Postal Service with sufficent postage as first class mait in

idressed 0! Box ISSUE FEE
an envelopo a ed M:I Commissioner for Patents 850 . 0d-1315 lﬂm

. Washington, D.C. 20231 BAI7 242
| - 28138 541 <O0CH
on: U S o (Date) 3
Cegily Anne Snyder {Name of person making deposit)
( M/W/ e (Signature)
\‘Sg.oﬁ Vi (Date)

-

1. TRANSMIT THIS FORM WITH FEE
Patent and Trademark Office; U.8, DEPARTMENT OF mnﬁms

PTOL-858 (HE‘V 05-96) N!pmved for use through 05/31/06. OMB 0861-0033
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s
: PATENT
Heartstream Ref. 93-003-us1.d1

Morrison & Foerster Ref. 24108-20006.10

CERTIFICATE OF MAILING UNDER 37 C.F.R.§ 1.8
| hereby certify that this correspondence Is being deposited with the United States Postal Service as first class mall in an envelopse

addressed 10: Assistant Commissioner for Patents, WQSNHQW

Cecily Anne Snyder, No"37,

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In the application of: Examiner: K. Schaetzle
Bradford E. Gliner Grpup Art Unit: 3305
Sertal No.: 08/601,617 BATCH NO. E19
Filing Date: 14 February 1996 NOTICE OF ALLOWANCE
For: ELECTROTHERAPY METHOD 9/13/96

SUBMISSION OF FORMAL DRAWINGS

Box ISSUE FEE
Assistant Commissioner for Patents
Washington, D.C. 20231

Dear Sir:

Enclosed are seven sheet(s) of formal drawings in connection with the above-identified

application.

Dated: September 24, 1996
Respectfully submitted,

B

y:
(_~Tames R. Shay [@]
Registration No. 32,062
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PTC UTILITY GR
Paper Number __ :Z —
The Comnissioner of Patents
and Trademarks

Has received an application for a patent for a

he new and useful invention. The title and de-
scription of the invention are enclosed. The

- requirements of law have been complied with,
m(te and it has been determined that a patent on
the invention shall be granted under the law.

States I

0 United States Patent

- Grants to the person(s) having title to this
LA mg h [ca patent the right to exclude others from mak-
ing, using, offering for sale, or selling the in-
vention throughour the Unired States of
America or importing the invention into the
United States of America for the term set forth
below, subject ro 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 Years from 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 U.S. filing date of
the application, subject to any statutory ex-
tension.

[ mce Tedmm—

Commissioner of Patents and Trademarks

TNl ooy

Altest

Form PTO-1584 (Rev. 5/96)

{RICGGHT INKQIDF)
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PATENT
Heartstream Ref. 93-003-US1.D1

CERTIFICATE OF MAILING UNDER 37 C.F.R. § 1.8 Q%

//— ) that this correspondence is being daposited with the United Statss Postal Service as first ﬁiass mail in an
4 : C to: Assi 1t Commissioner for Pateggzy‘ gton, D.C. 20231 on .
( Cecily Anne Snyder, Reg. No. 37,448 g

{ THE UNITED STATES PATENT AND TRADEMARK OFFICE

E‘g}_tn;!%%é 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.: 5,593,427 D
Issue Date: 14 Jan 1997 : 99\0\‘?’
Title: ELECTROTHERAPY METHOD P? %&m &
AW
REQUEST FOR CERTIFICATE OF CORRECTION \%‘v - g DY
UNDER 37 C.F.R. § 1.322 E }5

Assistant Commissioner for Patents GERT' FIGATt Mﬁ

Washington, DC 20231
a2 2 1

Dear Sir: OF nnpn:‘\'rl 211\

Applicants request that the above-referenced patent be corrected. Along with this
recquest, 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) ¢onsidered 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.

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

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

Dated: _Q4 Jue 97

Respectfully submitted,

By:

Cerily Anne Snyder, Patent Agent
Reg. No. 37,448

Heartstream, Inc.

Legal Department

2401 Fourth Avenue, Suite 300
Seattle Washington 98121
Telephone: 206.443.7630
Facsimile: 206.443.9694

&:...cert-cor.doc

2 Serial No. 08/601.617
Heartstream Ref. 93-003-US1.D1
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 5,593,427
DATED T 14 Jan 1997
INVENTOR(S): Bradford E. Gliner, Thomas D. Lyster, Clinton S. Cole,

Daniel }. 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 ——Sk
In field [56] “Alfeness’ should be — Alferness —.

Column 8, line 58, (claim 16) “claim 7 should be — claim 9 —.

MAILING ADDRESS OF SENDER PATENT NO. 5,593.427
Cecily Anne Sayder, Patent Agent

Heartstream, Inc. No. of add'] copies

Legal Department

2401 Fourth Avenue, Suite 300 @ 50¢ per page

Secattle, Washington 98121 =3

FORM PTO 1050 (Rev. 2-93) Pagelofl *
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNO. : 5,593,427
DATED :  January 14, 1997

INVENTOR(S) :  pBradford E. Gliner, Thomas D. Lyster, Clinton S. Cole,
Daniel J. Powers, and Carlton B. Morgan
It is certified that error appears in the above-indentitied patent and that said Letters Patent is hereby

corrected as shown below:

Item [56] “5,272,157” should be — 5,275,157 —.
Item [56] “Alfeness” should be — Alferness —.
Column 8, line 58, (claim 16) “claim 7" should be — claim 9 —.

Signed and Sealed this
Thirtieth Day of September, 1997

BRUCE LEHMAN

Artesting Officer Commissioner of Patents und Trademarks

115




ENTERED BY DSD (&, PATENT
HP PD NO. 90980060-5
Heartstream 93-003-US1.D1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF MAILING

In re application of®

Bradford E. Gliner et al. I hereby certify that this correspondence is being
deposited with the United States Postal Service as First

. L Class Mail in an envelope addressed to Commissioner of
Patent No.: 4 P and Trademarks, Washington DC 20231.

[ssue Date: 01/14/97 Date of Deposit: 3‘ ;glg %

Title: Electrotherapy Method Typed Name: Michelie L. Ogland

Signature: MLM&.D:&QJ}A

BOX M FEE ' D=
Assistant Commissioner for Patents ce
‘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: Respectfully submitted,
Hewlett-Packard Company

Legal Department, 20BN D 4 } {g é
PO Box 10301 By:

Palo Alto, CA 94303-0890 Douglas J. Barker/

Registration No. 40,423
Direct Dial Telephone: 360/212-8369
Customer No.: 020067
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" UNITED STATES .<PARTMENT 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 CUSTOMER # 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 1IS:

HEARTSTREAM INC

AGILENT TECHNOLOGIES LEGAL DEPT
5301 STEVENS CREEK BLVD MS 51UPD
P O BOX 58043

SANTA CLARA CA 95052-8043

AND THE PRACTITIONERS OF RECORD FOR CUSTOMER NUMBER 20067 ARE:
24288 275886 29892 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 STAT®< DEPARTMENT OF COMMERCE
Patent and T. _.emark 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 # 22878
THE PRACTITIONERS OF RECORD HAVE BEEN CHANGED TO CUSTOMER # 22878
ON 0B6/05/01 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 22878 1S:

AGILENT TECHNOLOGIES, INC.

INTELLECTUAL PROPERTY ADMINISTRATION, LE
P.0. BOX 759¢

M/S DLA29

LOVELAND CO 80537-0599

AND THE PRACTITIONERS OF RECORD FOR CUSTOMER NUMBER 22878 ARE:

24288 26252 27586 29331 29992 30275 30528 30682 324286 33272
33381 34075 34886 36081 36184 36211 36771 37265 37448 37648

38197 38345 40026 40907

. .PTO INSTRUCTIONS: PLEASE TAKE THE. FOLEOWING ACTION- WHEN. THE
<. HCORRESPONDENCE ADDRESS HAS BEEN:CHANGED: T0O:CUSTOMER.NUMBER:
"¢ RECORD, ON THE NEXT AVAILABLE:CONTENTS LINE OF.THE .FILE--JACKET,
" UCABRDRESS CHANGE TO CUSTOMER NUMBERY.. -LINE -THROUGH THE OLD
- ... ADDRESS ON THE FILE JACKET LABEL. AND ENTER:ONLY. THE -“~CUSTOMER
ot NUMBERY AS THE NEW ADDRESS. © FILE-THIS LEATER IN-THE. FILE "JACKET.
U oWHEN ABOVE CHANGES ARE ONLY TO- FEE -ABDRESSTAND/OR:PRACTLTIONERS
.- OF RECORD, FILE.LETTER IN THE FILE JACKET.
- FHIS_FILE IS ASSIGNED T0Q GAL 3305.

PTO-FMD
. TALBOT~1/97
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UNITED STATES "*ARTMENT OF COMMERCE
Patent and Trademark 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 # 238139
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, M/S 51UPB
5301 STEVENS CREEK BLVD.
SANTA CLARA CA 95052

AND THE PRACTITIONERS OF RECORD FOR CUSTOMER NUMBER 29139 ARE:

24288 26252 27586 29331 29992 30275 30528 30682 32426 33272
3338t 33825 34075 36081 36184 36211 37648 38197 38345 40026

40907 45549

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 70O CUSTOMER NUMBER' . LINE THROUGH THE OLD
ADDRESS ON THE FILE JACKET LABEL AND ENTER ONLY THE ‘CUSTOMER
NUMEER’ 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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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 05/13/03 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 24737 1S:

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 38703 40007 42079 42080 43305

PTO INSTRUCTIONS: PLEASE TAKE THE FOLLOWING ACTION WHEN THE
CORRESPONDENCE ADDRESS HAS BEEN CHANGED 7O 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 0000.

PTO~FMD
TALBOT—1/97
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Effective October 1, 1995

PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

05/2&/@ /7

CLAIMS AS FILED - PART |

OTHER THAN

It the "Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter *3.”
The “Highest Number FPreviously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE FEE RATE FEE
BASIC FEE 375.00 | or 750.00
TOTAL CLAIMS minus 20 = x$11= oRr | x$22=
INDEPENDENT GCLAIMS . *
,/ minus 3 = x39= oRr | X78=
MULTIPLE DEPENDENT CLAIM PRESENT
+125= OR +250=
* if the difference In column 1 is less than zere, enter "0" in column 2
TOTAL ﬁz OR TOTAL
CLAIMS AS AMENDED - PART Il OTHER THAN
(Column 1) (Column 2) {Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
< REMAINING NUMBER PRESENT ADD!- ADD!-
= AFTER PREVIOUSLY EXTRA RATE | TIONAL RATE | TIONAL
5 . AMENDMENT § PAID FOR FEE FEE
= * ; "
% Total Minus * - x$11= or | x$22=
g Indepencient]| * Minus e = x39= or | x78=
<t
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +125== OR | +250=
TOTAL OR TOTAL
(Column 1) {Column 2) (Column 3) ADDIT. FEE ADDIT. FEE
CLAIMS HIGHEST
m REMAINING NUMBER PRESENT ADDI- ADDI-
= AFTER PREVIOUSLY EXTRA RATE | TIONAL RATE | TIONAL
S - AMENDMENT PAID FOR FEE FEE
‘E: Total * Minus bl = x$11= OR | x$22=
<
g independent} * Minus el = X39= OR | x78=
<L
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +125= OR | +250=
TOTAL OR TOTAL
{Column 1) {Column 2) (Column 3) ADDIT. FEE ADDIT. FEE
CLAIMS HIGHEST
&) REMAINING NUMBER PRESENT . ADDi- ADDI-
e AFTER PREVIOUSLY EXTRA RATE TIONAL RATE TIONAL
= | AMENDMENT PAID FOR FEE FEE
E Total * Minus il - x$11= OR { x$22=
=
%‘ indepenclent] * Minus e = x39= OR | %x78=
<< A
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +125= OR | +250=
* If the entry in column 1 is less than the entry in column 2, write “0" in column 3,
‘::Il the "Hignl'flesl MNumber Previously Paid For” IN THIS SPACE is less than 20, enter “20." ADDIT“I-'.O!-'I—EAIE_ OR ADD!TI’f);’IQlE_

FORM PTC-875
{Rev. 10/95)
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