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ABSTRACT

A defibrillator and method that uses ECG signals from limb
lead electrodes for display and monitoring, even when a sepa-
rate set of therapy pads are present at the patient. The limb
lead ECG signal is used for display and to determine whether
electrotherapy is necessary. The determination is a prerequi-
site to arming and delivery of the electrotherapy.
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DEFIBRILLATOR AND METHOD USING
LIMB LEADS FOR ARTIFACT FREE ECG

[0001] The invention relates generally to an improved
method, apparatus and system for monitoring a subject car-
diac rhythm during the application of cardio-pulmonary
resuscitation (CPR). More particularly, the invention relates
to a medical device which can automatically select one set
from a plurality of sets of electrocardiogram (ECG) elec-
trodes having reduced CPR noise artifact for display and for
use in determining whether an electrotherapy shock is indi-
cated. If the device is a defibrillator, the method can control
the device electrotherapy circuit based on a shock advisory
obtained from the lower noise electrode set.

[0002] Sudden cardiac arrest (SCA) is a leading cause of
death in the United States. In about 40% of sudden cardiac
arrest (SCA) patients, the initial cardiac rhythm observed is
ventricular fibrillation (VF). CPR is the protocol treatment for
SCA, which includes chest compressions and ventilations
that provide circulation in the patient. Defibrillation is inter-
posed between sessions of CPR in order to treat underlying
VF.

[0003] Defibrillators deliver a high-voltage impulse to the
heart in order to restore normal rhythm and contractile func-
tion in patients who are experiencing arrhythmia, such as VF
or ventricular tachycardia (VT) that is not accompanied by
spontaneous circulation. There are several classes of defibril-
lators, including manual defibrillators, implantable defibril-
lators, and automatic external defibrillators (AEDs). AEDs
differ from manual defibrillators in that AEDs can automati-
cally analyze the ECG rhythm to determine if defibrillation is
necessary.

[0004] FIG. 1 is an illustration of a defibrillator 10 being
applied by a user 12 to resuscitate a patient 14 suffering from
cardiac arrest. In sudden cardiac arrest, the patient is stricken
with a life threatening interruption to the normal heart
rhythm, typically in the form of VF or VT that is not accom-
panied by spontaneous circulation (i.e., shockable VT). In VF,
the normal rhythmic ventricular contractions are replaced by
rapid, irregular twitching that results in ineffective and
severely reduced pumping by the heart. If normal rhythm is
not restored within a time frame commonly understood to be
approximately 8 to 10 minutes, the patient will likely die.
Conversely, the quicker that circulation can be restored (via
CPR and defibrillation) after the onset of VF, the better the
chances that the patient 14 will survive the event. The defibril-
lator 10 may be in the form of an AED capable of being used
by a first responder. The defibrillator 10 may also be in the
form of a manual defibrillator for use by paramedics or other
highly trained medical personnel.

[0005] According to an exemplary embodiment of the
present disclosure, electrotherapy electrodes 16 are applied
across the chest of the patient 14 by the user 12 in order to
provide defibrillation shocks. The same electrotherapy elec-
trodes 16 can also acquire an ECG signal from the patient’s
heart. The defibrillator 10 then analyzes the ECG signal for
signs of arrhythmia. If VF is detected, the defibrillator 10
signals the user 12 that a shock is advised. After detecting VF
or other shockable rhythm, the user 12 then presses a shock
button on the defibrillator 10 to deliver defibrillation pulse to
resuscitate the patient 14. Defibrillator 10 can also display the
ECG from the therapy electrodes 16 on a screen, so that the
user 12 can manually assess the underlying cardiac rhythm.
Currently available AED devices can typically receive ECG
input only from such electrotherapy electrodes 16.

Jan. 21,2016

[0006] More advanced defibrillators, exemplified also by
defibrillator 10 of FIG. 1, may also provide for a second set of
monitoring electrodes 18 to be applied to standard positions
on the patient torso and limbs. Monitoring electrodes 18
cannot be used to deliver electrotherapy, and are usually used
to provide prolonged and more accurate ECG signals
obtained from various heart axes, orleads. These ECG signals
may also be displayed on defibrillator 10 screen.

[0007] Existing advanced defibrillators may be capable of
receiving input from both therapy electrodes and monitoring
electrodes simultaneously. In such case, however, all such
defibrillators default to display the therapy electrodes ECG.
And all such prior art defibrillators are known to use strictly
the therapy electrode—derived ECG for analysis, regardless
of whether monitoring electrodes are attached.

[0008] FIG. 2 illustrates the common standard electrode
positions relative to an adult patient for defibrillation and for
cardiac monitoring. Sternum therapy pad 22 is generally
applied over the patient 14 right clavicle. Apex therapy pad 24
is applied on the patient’s lower left torso, such that a defibril-
lation current path passes through the patient’s heart. Stan-
dard ECG monitoring electrodes include right arm (RA) limb
lead 32', left arm (LA) limb lead 32", left leg (LL) limb lead
32", and right leg (RL) limb lead 32"" placed on the patient’s
extremities and/or lower torso as indicated. Chest lead moni-
toring electrodes 34 are typically arranged nearer and over the
heart location. A common standard location for providing
manual CPR compressions is shown as region 26. It can be
seen from FIG. 2 that the CPR region 26 lies at or about
mid-way along the axis between sternum electrode 22 and
apex electrode 24, the axis generally correlating to the stan-
dard Lead II axis.

[0009] Chest compressions during CPR tend to create sig-
nal artifact on the ECG waveforms that are acquired from
therapy defibrillation pads on the chest. The CPR artifact on
the ECG waveform generally comes from four main sources.
First, artifact arises from a change in impedance due to
changes in electrode-skin contact. Second, stretching of the
skin which tends to occur during CPR induces electrical
potentials. Also, muscle potentials (EMG) are typically
induced by CPR forces that are applied to the chest muscles.
Muscle potentials are also typically induced by CPR forces
that are indirectly applied to the heart muscle. As previously
noted, multifunction ECG/defibrillation therapy pads applied
to the patient’s chest are in the vicinity of the sternum where
CPR compressions are delivered. Because of this proximity,
the artifact from the noise sources above can be quite large.
[0010] The compression artifact should be filtered out or
the compression stopped for the rescuer or an automated
shock-advisory algorithm to see the underlying ECG rhythm
to determine if a shock should be applied. Otherwise, this
artifact tends to mask the underlying ECG rhythm, making it
difficult for the rescuer or the automated shock-advisory algo-
rithm to determine if the patient should be given a defibrilla-
tion shock.

[0011] FIG. 3 shows an exemplary 23-second ECG strip
from a sudden cardiac arrest (SCA) patient whose underlying
rhythm is VF. The first half 50 of the waveform is recorded
during CPR and so shows the CPR artifact signal superim-
posed over the VF signal. The second half 60 is recorded after
CPR has been paused and hence, shows the VF signal without
any CPR artifact signal. As seen, during CPR, the chest com-
pression artifact induced on the ECG masks the underlying
VF rhythm. A shock advisory algorithm could be fooled by
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the CPR artifact on the left side 50 to erroneously recommend
no-shock advised. For the right side 60, however, since there
is no CPR artifact onthe ECG, a shock advisory algorithm can
accurately detect the VF rhythm and advise shock.

[0012] But it has been shown that interruptions in CPR
compressions to allow for such artifact-free ECG analysis can
be detrimental to the patient. It is now understood that cardiac
perfusion pressure drops rapidly during CPR pauses, and that
it takes approximately 15 seconds after CPR compressions
are resumed before cardiac perfusion pressure returns to
therapeutic levels. FIG. 4 illustrates the drop in cardiac per-
fusion pressure that occurs when CPR is paused, as well as the
significant number of compressions required to regain peak
pressure after CPR is resumed. The CPR pauses have further
been shown to adversely affect the probability of restoration
of spontaneous circulation after the delivery of the electrical
shock.

[0013] A number of methods have been developed in an
attempt to determine an accurate ECG measurement during
CPR compressions. U.S. Patent Publication 2011/0105930
Al entitled “TRUE ECG MEASUREMENT DURING
CARDIO PULMONARY RESUSCITATION BY ADAP-
TIVE PIECEWISE STITCHING ALGORITHM”, for
example, discloses using a filter to remove CPR artifact from
the ECG. U.S. Pat. No. 7,818,049 B2 entitled “ECG SIGNAL
PROCESSOR AND METHOD” by Halperin et al addition-
ally teaches the use of an input from a handheld CPR force
sensor to assist with the filtering artifact from ECG. None of
these filtering methods have yet been adopted for use in
determining either an automated shock decision or for diag-
nosing a cardiac condition.

[0014] What is needed therefore is an improved apparatus
and method for displaying an ECG and for diagnosing a
shockable cardiac rhythm in the presence of CPR-induced
noise artifact. A solution to the need would allow pauses
between CPR and defibrillation to be shorter or even elimi-
nated. An ECG waveform having minimal CPR artifact noise
can enable a trained user to quickly diagnose a shockable
rhythm, via display, or would make an automated shock advi-
sory algorithm more accurate.

[0015] The inventors, having studied the differences
between ECG signals from limb leads and ECG signals from
defibrillation therapy pads, have learned that ECG from limb
lead electrodes, rather than pads, can contain significantly
less CPR artifact. Applying this learned knowledge, the
inventors have invented a defibrillator and method as
described herein that use ECG from limb lead electrodes for
display and monitoring of ECG even when therapy pads are
present. Exemplary embodiments of the present invention can
be useful for both manual and automated shock advisories.
[0016] In accordance with the principles of the present
invention, exemplary embodiments of device, system and
method for selectively displaying an ECG on a defibrillator
during a cardiac resuscitation of a subject is described. For
example, an exemplary embodiment of the method can com-
prise the steps of providing a defibrillator having a display, a
therapy electrodes connector, a monitoring electrodes con-
nector, a processor operable to obtain an ECG responsive to
inputs from either of the therapy electrodes connector and the
monitoring electrodes connector, and a controller operable to
sense a connection of therapy electrodes to the therapy elec-
trodes connector and operable to sense a connection of moni-
toring electrodes to the monitoring electrodes connector, dis-
playing an ECG obtained from the therapy electrodes
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connector, sensing both of the connection of a set of therapy
electrodes to the therapy electrodes connector and the con-
nection of a set of monitoring electrodes to the monitoring
electrodes connector, and automatically switching the dis-
playing of an ECG obtained from the therapy electrodes
connector to a displaying of an ECG obtained from the moni-
toring electrodes connector responsive to the sensing step.
The method may optionally include the toggling of the dis-
play back to the therapy electrodes ECG is the ECG is deter-
mined to be noise-free.

[0017] It is another object of the present invention to
describe an improved method for operating a defibrillator
during a cardiac resuscitation of a subject, an exemplary
embodiment of which can comprise the steps of providing a
defibrillator having a therapy electrodes connector, a moni-
toring electrodes connector, a processor operable to obtain an
ECG responsive to inputs from either of the therapy elec-
trodes connector and the monitoring electrodes connector and
further operable to analyze the obtained ECG to determine
whether electrotherapy is indicated, and a controller operable
to sense a connection of therapy electrodes to the therapy
electrodes connector and operable to sense a connection of
monitoring electrodes to the monitoring electrodes connec-
tor, analyzing an ECG obtained from the therapy electrodes
connector, sensing the connection of both a set of therapy
electrodes to the therapy electrodes connector and the con-
nection of a set of monitoring electrodes to the monitoring
electrodes connector, and automatically switching the ana-
lyzing of an ECG obtained from the therapy electrodes con-
nector to an analyzing of an ECG obtained from the monitor-
ing electrodes connector responsive to the sensing step. The
method may optionally include the toggling of the analyzing
back to the therapy electrodes ECG if the ECG is determined
to be noise-free.

[0018] Itis yet another object of the invention to describe a
defibrillator which incorporates the improved ECG analysis
method described above. For example, an exemplary embodi-
ment of the defibrillator can comprise a therapy electrode
connector operable to connect to a set of electrotherapy elec-
trodes, a monitoring electrode connector operable to connect
to a set of monitoring electrodes, a processor operable to
analyze an ECG obtained from either of the electrotherapy
electrodes or the monitoring electrodes and to determine a
shock decision based on the obtained ECG, a sensing means
operable to sense the connection of the set of monitoring
electrodes to the monitoring electrode connector and further
operable to automatically select a shock decision based on the
ECG obtained from the monitoring electrodes in response to
the sensed connection, and a high voltage shock delivery
circuit operable to deliver an electrotherapy shock via the
therapy electrode connector and electrotherapy electrodes in
response to the shock decision based on the ECG obtained
from the monitoring electrodes. The sensing means can be
hardware logic, software logic, or a combination of the two.
For example, the sensing means can comprise one or more
sensors and/or controllers. Further, a sensor can comprise a
controller. The defibrillator can optionally include an artifact
detector for the therapy electrodes input, wherein the sensing
means is operable to toggle the shock decision source back to
the therapy electrodes ECG if the level of noise artifact is
below a predetermined noise level.

[0019] Itis yet another object of the invention to describe a
defibrillator which incorporates the improved ECG display
method described above. An exemplary embodiment of the
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defibrillator can comprise a therapy electrode connector opet-
able to connect to a set of electrotherapy electrodes, a moni-
toring electrode connector operable to connect to a set of
monitoring electrodes, a processor operable to obtainan ECG
from either of the electrotherapy electrodes or the monitoring
electrodes, a sensing means operable to sense the connection
of the set of monitoring electrodes to the monitoring electrode
connector and further operable to automatically select the
ECG obtained from the monitoring electrodes for display in
response to the sensed connection, and a display operable to
display the selected ECG. The sensing means can be hard-
ware logic, software logic, or a combination of the two. For
example, the sensing means can comprise one or more sen-
sors and/or controllers. Further, a sensor can comprise a con-
troller. The defibrillator can optionally include an artifact
detector for the therapy electrodes input, wherein the sensing
means is operable to toggle the display back to the therapy
electrodes ECG if the level of noise artifact is below a prede-
termined noise level.

IN THE DRAWINGS

[0020] FIG. 1is an exemplary illustration of a defibrillator
which is in use with a patient suffering from cardiac arrest.
[0021] FIG. 2is an exemplary illustration of common stan-
dard electrode positions relative to an adult patient for
defibrillation and for cardiac monitoring.

[0022] FIG. 3 is an exemplary illustration of a 23-second
ECG strip from a sudden cardiac arrest (SCA) patient whose
underlying rhythm is VF.

[0023] FIG. 4 is an exemplary illustration of the drop in
cardiac perfusion pressure that tends to occur when CPR is
paused, as well as the significant number of compressions
typically required to regain peak pressure after CPR is
resumed.

[0024] FIG. 5 is an exemplary illustration of CPR-related
noise artifact on a patient having no cardiac rhythm, i.e. in
asystole, wherein the ECG signal is obtained from the therapy
pads.

[0025] FIG. 6 is an exemplary illustration of CPR-related
noise artifact on a patient having no ECG, i.e. in asystole,
obtained from the monitoring electrodes.

[0026] FIG. 7is an exemplary illustration of a side by side
comparison of CPR artifact noise levels for therapy pads and
for monitoring electrodes.

[0027] FIG. 8 is an exemplary illustration of CPR-related
noise artifact on a patient having no ECG, i.e. in asystole,
obtained from the therapy pads. plotted with a chest force
signal obtained from a CPR compressions sensor.

[0028] FIG. 9 is an exemplary illustration of CPR-related
noise artifact on a patient having no ECG, i.e. in asystole,
obtained from the monitoring electrodes, plotted with a chest
force signal obtained from a CPR compressions sensor.
[0029] FIG. 10 is an exemplary illustration of CPR-related
noise artifact on a patient that has a cardiac rhythm, obtained
from the therapy pads, plotted with a chest force signal
obtained from a CPR compressions sensor.

[0030] FIG. 11 is an exemplary illustration of CPR-related
noise artifact on a patient that has a cardiac rhythm, obtained
from the monitoring electrodes, plotted with a chest force
signal obtained from a CPR compressions sensor.

[0031] FIG.121s an exemplary block diagram of a defibril-
lator constructed in accordance with the principles of the
present invention.

Jan. 21,2016

[0032] FIG. 13 is an exemplary illustration of a process
flow diagram according to one embodiment of the inventive
method, showing the method of determining the display
source of the ECG.

[0033] FIG. 14 is an exemplary illustration of a process
flow diagram according to one embodiment of the inventive
method, showing the method of determining shock analysis
source for the defibrillator.

[0034] With further reference to the figures, FIG. 5 illus-
trates an exemplary 23-second ECG strip from a subject
patient with no underlying cardiac rhythm. The top panel
indicates an ECG signal obtained from therapy pads during
CPR. The ECG trace 52 indicates pure CPR artifact on the
therapy pads. The bottom panel shows the impedance
between the pads, where each peak corresponds to a CPR
compression. Thus the bottom trace 54 indicates pure CPR-
induced therapy pad impedance. It can be seen by FIG. 5 the
large corresponding oscillations, >20 milliVolts (mV), in the
pad ECG which is CPR artifact. The ECG amplitude scale is
-16 to 16 mV. The corresponding impedance variation is
between +113 milliOhms (mOhm) and 92 mOhm, where the
impedance amplitude scale is +113.82 to +83.82 mOhm.
[0035] FIG. 6 illustrates another exemplary 23-second
ECG strip from a subject patient with no underlying cardiac
rhythm. This top panel indicates an ECG signal obtained from
the Lead Il monitoring electrodes during CPR. The ECG trace
62 indicates pure CPR artifact on the monitoring electrodes.
The bottom panel shows the impedance between the therapy
pads, where each peak also corresponds to a CPR compres-
sion. Thus the bottom trace 64 indicates pure CPR-induced
therapy pad impedance. It can be seen by FIG. 6 the much
smaller corresponding oscillations, about 1 mV, in the moni-
toring electrode ECG which is CPR artifact. The ECG ampli-
tude scale is —16 to 16 mV. The corresponding impedance
varies between +198 mOhm and 95 mOhm, where the imped-
ance amplitude scale is +198.232 to +48.232 mOhm One can
deduce that the magnitude of pure CPR-induced artifact on
the ECG is smaller on the monitoring electrodes than on the
therapy pads.

[0036] FIG. 7 illustrates a side by side comparison of CPR
artifact noise levels for therapy pads and for monitoring elec-
trodes, over a longer time frame. The two large sets of oscil-
lations 72 in the first half are the ECG from pads; the smaller
oscillations 74 on the right half are from Lead II monitoring
electrodes. Here it again can be seen that the magnitude of
pure CPR-induced artifact on the ECG is smaller on the
monitoring electrodes than on the therapy pads.

[0037] FIG. 8 illustrates CPR-related noise artifact on a
patient having no ECG, i.e. in asystole, obtained from the
therapy pads, plotted with a chest force signal obtained from
a CPR compressions sensor, such as from the Q-CPR sensor
manufactured by Philips Medical Systems, Andover Mass.
The approximately 10-second ECG strip is obtained from a
subject patient with no underlying cardiac rhythm. The top
panel indicates an ECG signal obtained from therapy pads
during CPR. The ECG trace 82 indicates pure CPR artifact on
the therapy pads. The center panel shows the impedance
between the pads, where each peak corresponds to a CPR
compression. Thus the middle trace 84 indicates pure CPR-
induced therapy pad impedance. It can be seen by FIG. 8 the
large corresponding oscillations, >8 mV, in the pad ECG
which is CPR artifact. The ECG amplitude scale is —4 to 4
mV. The corresponding impedance variation is about 6.25
mOhm, where the impedance amplitude scale is +123.3 to
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+103.3 mOhm. The major oscillations in the ECG correspond
to CPR compressions, whose locations are shown by the
oscillations in impedance and the chest force sensor trace 86
shown in the bottom panel.

[0038] FIG. 9 illustrates CPR-related noise artifact on a
patient having no ECG, i.e. in asystole, obtained from the
monitoring electrodes, plotted with a chest force signal
obtained from a CPR compressions sensor. The top panel
indicates an ECG signal obtained from monitoring electrodes
Lead II during CPR. The ECG trace 92 indicates pure CPR
artifact on the monitoring electrodes Lead II. The center panel
shows the impedance between the therapy pads, where each
peak corresponds to a CPR compression. Thus the middle
trace 94 indicates pure CPR-induced therapy pad impedance.
It can be seen by FIG. 9 the much smaller corresponding
oscillations in the monitoring electrode ECG which is CPR
artifact. The ECG amplitude scale is again -4 to 4 mV. The
corresponding impedance variation is about 2.5 mOhm,
where the impedance amplitude scale is +123.3 to +103.3
mOhm. The minor oscillations in the ECG correspond to CPR
compressions, whose locations are shown by the oscillations
in impedance and the chest force sensor trace 96 shown in the
bottom panel.

[0039] FIG. 10 illustrates CPR-related noise artifact as
obtained from therapy pads placed on a patient that has a
cardiac rhythm. Again, the ECG trace 102 is plotted with a
pad-pad impedance signal 104 and a chest force signal 106
obtained from a CPR compressions sensor. The ECG ampli-
tude scale is -2 to 2 mV. The corresponding impedance varia-
tion is about 3.1 mOhm, where the impedance amplitude
scale is +143.8 to +93.8 mOhm Like in FIG. 8, the major
oscillations in the ECG correspond to CPR compressions,
whose locations are shown by the oscillations in impedance
and chest force. The underlying cardiac rhythm in the ECG is
effectively obscured by the CPR artifact.

[0040] In contrast, FIG. 11 illustrates CPR-related noise
artifact as obtained from monitoring electrodes at Lead 11
placed on a patient that has a cardiac rhythm. Similar to that
in FIGS. 8-10, the ECG trace 112 is plotted with a therapy
pad-pad impedance signal 114 and a chest force signal 116
obtained from a CPR compressions sensor. The ECG ampli-
tude scale is -2 to 2 mV. It is observed here that only minor
oscillations in the ECG result from CPR compressions,
whose locations are shown by the oscillations in impedance
and chest force. The underlying cardiac rhythm is clear in the
ECG despite the CPR compressions.

[0041] Theinventors have learned from the afore-described
data thatthe ECG from relatively small monitoring electrodes
placed on the patient’s shoulders and lower abdomen gener-
ally have less CPR artifact compared to ECG from the rela-
tively larger multifunction therapy pads. It should be noted
that the ECG from monitoring electrodes may still contain
some residual CPR artifact (as seen in the above figures), and
thus may still benefit from additional filtering such as that
described in U.S. application No. 61/654,143 entitled
“Method and Apparatus for Analyzing Cardiac Rhythm Dur-
ing CPR”, filed Jun. 1, 2012, the entire disclosure of which is
incorporated herein by reference.

[0042] For convenience in this description, the display and
use of ECG from limb lead electrodes is referred to as the
“LeadView” feature.

[0043] An advanced life support (ALS) defibrillator or a
basic life support (BLS) AED device may be manufactured
with the LeadView option. The defibrillator generally must
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allow input from both multifunction pads and limb lead elec-
trodes. Current ALS defibrillators have this capability, but it is
believed that this would be new capability for an AED device.
When both pads and lead electrodes are applied to the patient,
priority is given to the ECG from the lead electrodes for both
display and input to the shock advisory algorithm.

[0044] Now turning to FIG. 12, illustrated is a block dia-
gram of an exemplary embodiment of a defibrillator 200 that
is constructed in accordance with the principles of the present
invention. One embodiment of the defibrillator 200 com-
prises an ALS defibrillator operating in manual mode, or a
BLS AED that is capable of displaying an ECG. When
defibrillator 200 senses that both a set of therapy pads 202 and
limb lead monitoring electrodes 222 are attached to the
patient, defibrillator 200 automatically switches the source of
ECG from the therapy pads to the limb lead electrodes for
display on a display 240. This can permit the trained rescuer
to view the underlying cardiac rhythm having the least CPR
noise artifact during continuous chest compressions. Further-
more, if the defibrillator 200 is equipped with a CPR artifact
reduction algorithm, the ECG waveforms display 240 may
show the ECG from the monitoring electrodes after filtering
by that algorithm.

[0045] Defibrillator 200 comprises two separate electrode
connectors carrying two different ECG data streams. A
therapy pads connector 204 operably connects defibrillator
200 to the set of therapy pads 202. Signals from the therapy
pads 202 are passed via pads connector 204 to a therapy pads
ECG front end 206, which converts the signals into a stream
of pads ECG data. The pads ECG data is then provided to
processor 208.

[0046] Similarly, a monitoring electrodes connector 224
operably connects defibrillator 200 to the limb lead electrodes
222. Preferably, the limb lead electrodes 222 are operable to
be disposed on a patient in a standard limb lead orientation.
Signals from the limb lead electrodes 222 are passed via
electrodes connector 204 to a monitoring electrodes ECG
front end 226, which converts the signals into streams of lead
electrodes ECG data. The electrodes ECG data is passed to
processor 208.

[0047] An optional artifact noise detector 210 may be dis-
posed to receive ECG signals from therapy pads 202 in par-
allel to pads front end 206 in accordance with exemplary
embodiments of the present disclosure. The artifact detector
210 can be operable to obtain the level of noise artifact,
including CPR-related noise artifact on the ECG obtained
from the pads. One such circuit for determining noise artifact
is described in co-assigned U.S. Pat. No. 5,902,249 entitled
“Method and Apparatus for Detecting Artifacts Using Com-
mon-Mode Signals in Differential Signal Detectors” by Tho-
mas J. Lyster, the entire disclosure of which is incorporated
herein by reference. Alternatively, the artifact detector 210
may be disposed as described in aforementioned U.S. appli-
cationNo. 61/654,143, the entire disclosure of which is incor-
porated herein by reference. The output of noise detector 210
may be either a pads noise level, or a determination whether
the obtained level of noise artifact is below a predetermined
noise level. The determination indicates that CPR is not being
performed and/or that the pads ECG is sufficiently noise-free
for further use. The noise detector 210 level/decision is pro-
vided to processor 208.

[0048] Processor 208 can perform several functions on the
ECG streams that it obtains from the therapy pads and the
monitoring electrodes. For example, first, it arranges the ECG
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streams into a form appropriate for display. Processor 208 can
also perform analysis on each ECG stream to, for example,
diagnose a particular cardiac condition, and to provide a
corresponding output indication to display 240. In one exem-
plary embodiment of the present invention, processor 208 can
arrange both ECG streams into form for simultaneous display
on display 240. Processor 208 can further be disposed to filter
the ECG streams prior to display, such that noise artifact is
removed or reduced in the displayed ECG. Processor 208 can
further use signals from artifact noise detector 210 to filter
one or both of the ECG streams. Finally, processor 208 can
determine a level of noise artifact for indication on display
240, such as providing a message of “CPR detected” or
“noisy ECG, check electrodes”, in response to the ECG
streams and/or the noise detector 210 input. Preferably, pro-
cessor 208 provides a display output from each ECG source,
signified as “D” in FI1G. 12, for further selection and use by
the system.

[0049] According to exemplary embodiments of the
present disclosure, defibrillator 200 furtherincludes a sensing
means for sensing when the monitoring electrodes have been
attached to a patient, and for selecting the ECG stream from
the monitoring electrodes for display in response to the
sensed attachment. Several known methods for sensing the
patient connection can be used, including sensing a common
mode signal between electrode connections at the monitoring
electrode connector, sensing an ECG signal at the ECG front
end 226, sensing a patient-appropriate impedance between
electrodes, all of which can be supplemented with a sensing
of the electrode hardware to the monitoring electrodes con-
nector 224 itself. In a preferred embodiment, the sensing
means is disposed as a controller 216 and a control switch 217
in a hardware circuit. A functionally equivalent sensing
means may also be embodied in software with a micropro-
cessor and memory, or as a software/hardware state machine
system.

[0050] Inapreferred embodiment, controller 216 receives a
signal from electrodes ECG front end 226 which indicates
that the set of monitoring electrodes 222 is connected to the
patient via the monitoring electrodes connector 224. In
response to the sensed connection, connector 216 controls
controller switch 217 to automatically switch a display
source, signified by the “D” inputs from processor 208, to the
monitoring electrodes source. The ECG signal from the
monitoring electrodes 222 is thus provided to display 240.

[0051] Controller 216 can optionally receive input from
artifact noise detector 210. If the detected level of noise
artifact is below a predetermined noise level, then controller
216 may drive controller switch 217 to toggle the ECG dis-
play back to the therapy pads source. This option can be
desirable for some users that prefer to display ECG from
therapy pads whenever possible and useful, or in situations
where the therapy pads ECG display is more accurate or
easier to interpret than the monitoring electrodes display, for
example.

[0052] Itwill be appreciated by one having ordinary skill in
the art in view of teachings provided herein, that the prede-
termined noise level can be determined by one having ordi-
nary skill in the art in view ofthe teachings provided herein by
conducting a series of trial and error experiments that have
varying amounts of known noise and ECG signal levels
present. Simulated ECG signal data can be fed into the system
under various conditions of noise artifact presence, including
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CPR-related artifact. This and other methods of finding such
heuristic values are well known to those skilled in the art.
[0053] Itistobenoted that in the absence of the monitoring
electrodes, the nominal source of ECG display in defibrillator
200 is the same as that of prior art defibrillators, i.e. the
therapy pads 202 ECG. Consequently, controller 216 controls
controller switch 217 to route the therapy pads 202 ECG via
processor 208 to display 240 in the absence of a sensed
connection to the monitoring electrodes 222.

[0054] In another exemplary embodiment of the present
invention, also illustrated by FIG. 12, a defibrillator 200 pro-
cessor 208 issues a shock advisory signal 228 to a high volt-
age circuit 230 if it determines that the analyzed cardiac
rhythm is treatable by electrotherapy. Here, defibrillator 200
may be an ALS defibrillator operating in AED mode or an
AED. If the defibrillator of this embodiment has a waveform
display, it can display the waveform on display 240 as speci-
fied above. When both therapy pads 202 and limb lead moni-
toring electrodes 222 are attached to the patient, the defibril-
lator 200 senses the condition and automatically switches the
source of ECG that is used by its automated shock advisory
algorithm from the therapy pads 202 to the limb lead moni-
toring electrodes 222. This inventive practice is different from
currently available defibrillators, which are known to exclu-
sively use ECG from therapy pads as input to the shock
advisory algorithm. Furthermore, if the defibrillator 200 is
equipped with a CPR artifact reduction algorithm, the ECG
can be filtered by that algorithm prior to use in the shock
advisory algorithm.

[0055] Referring again to FIG. 12, illustrated is a block
diagram of an exemplary embodiment of a defibrillator 200
that is constructed in accordance with an exemplary embodi-
ment of the shock advisory in accordance with the present
disclosure. The electrodes, connectors, ECG front end, and
artifact detector circuits are essentially the same as previously
described herein. In this embodiment, though, when defibril-
lator 200 senses that both a set of therapy pads 202 and limb
lead monitoring electrodes 222 are attached to the patient,
defibrillator 200 automatically switches the source of any
shock advisory signal issued from processor 208 from the
therapy pads to the limb lead electrodes for use as the shock
advisory signal 228 input to the defibrillator high voltage
shock delivery circuit 230. The shock delivery circuit 230
responsively arms and prepares a circuit to deliver a thera-
peutic shock to the patient via pads 202. Shock delivery may
be semi-automatic or fully automatic as known in the defibril-
lation art.

[0056] If the defibrillator 200 is equipped with a CPR arti-
fact reduction algorithm which also may have an input from
artifact detector 210, processor 208 can filter the obtained
ECG prior to analyzing the ECG for a shock advisory. The
optional artifact noise detector 210 can, as previously
described, develop an artifact level/decision that is provided
to processor 208.

[0057] Processor 208 analyzes both ECG streams that it
obtains from the therapy pads and the monitoring electrodes.
Each ECG stream analysis results in a shock or no shock
decision, as indicated by the two “S” outputs shown in FIG.
12. Processor 208 can further be disposed to filter one or both
of the ECG streams prior to analysis for greater accuracy.
Processor 208 can further use signals from artifact noise
detector 210 as an input to the filtering function.

[0058] Defibrillator 200 can further include a sensing
means for sensing when the monitoring electrodes have been
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attached to a patient, and for selecting the ECG stream from
the monitoring electrodes for analysis in response to the
sensed attachment. Several known methods for sensing the
patient connection can be used, including, e.g., sensing a
common mode signal between electrode connections at the
monitoring electrode connector, sensing an ECG signal at the
ECG front end 226, sensing a patient-appropriate impedance
between electrodes, all of which can be supplemented with a
sensing of the electrode hardware to the monitoring elec-
trodes connector 224 itself. In a preferred embodiment, the
sensing means is disposed as controller 216 and a control
switch 217 in a hardware circuit. A functionally equivalent
sensing means can also be embodied in software with a
microprocessor and memory, or as a software/hardware state
machine systemni.

[0059] Inapreferred embodiment, controller 216 receives a
signal from electrodes ECG front end 226 which indicates
that the set of monitoring electrodes 222 is connected to the
patient via the monitoring electrodes connector 224. In
response to the sensed connection, connector 216 controls
controller switch 217 to automatically switch a shock advi-
sory source, signified by the “S” inputs from processor 208, to
the monitoring electrodes source. The shock advisory signal
resulting from the monitoring electrodes 222 ECG is thus
provided as a shock advisory signal 228 to shock delivery
circuit 230.

[0060] Controller 216 can optionally receive input from
artifact noise detector 210. If the detected level of noise
artifact is below a predetermined noise level, then controller
216 may drive controller switch 217 to toggle the shock
advisory source back to the therapy pads source. This option
can be desirable in situations where the therapy pads shock
advisory algorithm is more accurate than the monitoring elec-
trodes shock advisory algorithm, and provides more analyses
that are in accordance with the current practice of determining
electrotherapy from the same source as through which it is
delivered.

[0061] Itwill be appreciated by one having ordinary skill in
the art in view of the teachings provided herein that the
predetermined noise level for shock advisory can be different
than that for a display decision. The proper predetermined
noise level can be determined by one having ordinary skill in
the art in view of the teachings provided herein by conducting
a series of trial and error experiments that have varying
amounts of known noise and ECG signal levels present.
Simulated ECG signal data can be fed into the system under
various conditions of noise artifact presence, including CPR-
related artifact. This and other methods of finding such heu-
ristic values should be known to one having ordinary skill in
the art.

[0062] It is also to be noted that in the absence of the
monitoring electrodes, the nominal source of shock advice in
defibrillator 200 is generally the same as that of existing
defibrillators, eg., the therapy pads 202 ECG. Consequently,
controller 216 controls controller switch 217 to route the
therapy pads 202 ECG via processor 208 to display 240 in the
absence of a sensed connection to the monitoring electrodes
222.

[0063] According to exemplary embodiments of the
present disclosure, the use of lead electrode ECG for display
and shock advisory can be a user-configurable option on the
defibrillator. For example, this option can be configured dur-
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ing set-up of the defibrillator, or it can be turned “ON” or
“OFF” during the resuscitation by press of a button, not
shown.

[0064] FIG. 13 illustrates a process flow diagram according
to an exemplary embodiment of the present invention, show-
ing, for example, a method of determining the display source
ofthe ECG300. The exemplary method initiates by providing
a defibrillator in defibrillation mode at step 310, the defibril-
lator disposed similarly to that described previously, e.g.,
having a therapy pads connector, a monitoring electrodes
connector, a processor operable to obtain an electrocardio-
gram (ECG) responsive to inputs from either of the therapy
pads cornector and the monitoring electrodes connector, and
a controller operable to sense a connection of therapy pads to
the therapy pads connector and operable to sense a connection
of monitoring electrodes to the monitoring electrodes con-
nector.

[0065] For example, at the beginning of the cardiac rescue
event, the defibrillator is activated by the user. At this time, the
defibrillator begins operation, and in most cases the display
source defaults to the therapy pads ECG obtained via the
therapy electrodes connector at step 314. The default display
serves to initially guide the rescuer as to placement of the
therapy pads for as rapid a delivery of needed electrotherapy
as possible. A pad placement loop then begins at step 318 of
sensing the connection of the therapy pads. As long as the
therapy pads remain unconnected, the defibrillator continues
to provide aural and visual guidance to the operator to connect
them. In those rescues in which defibrillation is clearly not
needed, the user can override the pad placement loop, and exit
the method altogether.

[0066] When therapy pads are detected as connected and on
the patient, the method proceeds to step 320, sensing the
connection of the monitoring electrodes. Another guidance
loop can be entered in this step, allowing the defibrillator to
prompt the user to place the monitoring electrodes on the
subject patient. When so accomplished, patient ECG signals
are being received by both of the therapy pads and the moni-
toring electrodes. Responsive to step 320, the display is auto-
matically switched from the default therapy pads source of
ECG signals to the monitoring electrodes ECG signals at step
322. Inthis state, both pads and electrodes are connected, and
the ECG displayed on the defibrillator is the monitoring elec-
trodes source of ECG which presumably has the lower level
of CPR-related noise artifact. In order to further reduce the
level of noise artifact, a filtering step can be performed on the
monitoring electrodes ECG prior to the displaying step.
[0067] FIG. 13 also illustrates an optional step of analyzing
the therapy pads ECG for artifact, including CPR-related
noise, at step 324. Step 324 is repeated in a looping function
as long as any ECG is displayed. During those periods of time
in which the therapy pads ECG is determined to be noise-free,
then the display source toggles back to the therapy pads ECG.
This option canbe desirable, e.g., for some users that prefer to
display ECG from therapy pads whenever possible and use-
ful, or in situations where the therapy pads ECG display is
more accurate or easier to interpret than the monitoring elec-
trodes display.

[0068] FIG. 14 illustrates a process flow diagram according
to another embodiment of the inventive method, showing a
method of operating a defibrillator during a cardiac resusci-
tation 400, and more specifically for selecting an optimal
shock analysis source. The method initiates by providing a
defibrillator in defibrillation mode at step 310, the defibrilla-
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tor disposed similarly to that described previously, e.g., hav-
ing a therapy pads connector, a monitoring electrodes con-
nector, a processor operable to analyze the obtained ECG to
determine whether electrotherapy is indicated responsive to
inputs from either of the therapy pads connector and the
monitoring electrodes connector, and a controller operable to
sense a connection of therapy pads to the therapy pads con-
nector and operable to sense a connection of monitoring
electrodes to the monitoring electrodes connector.

[0069] At the beginning of the cardiac rescue event, the
defibrillator is activated by the user. At this time, the defibril-
lator begins operation, and in most cases the shock analysis
source defaults to the therapy pads ECG obtained via the
therapy electrodes connector at step 414. As before, a pad
placement loop begins at step 418 of sensing the connection
of the therapy pads, which allows the defibrillator to auto-
matically guide the rescuer as to placement of the therapy
pads for as rapid a delivery of needed electrotherapy as pos-
sible. As long as the therapy pads remain unconnected, the
defibrillator continues to provide aural and visual guidance to
the operator to connect them. In those rescues in which
defibrillation is clearly not needed, the user can override the
pad placement loop, and exit the method altogether.

[0070] Whentherapy pads are detected as connected and on
the subject patient, analysis begins on the ECG from the
therapy pads via the therapy electrodes connector. While
analysis 1s occurring, the method proceeds to step 420, sens-
ing the connection of the monitoring electrodes. Another
guidance loop can be entered in this step, allowing the
defibrillator to prompt the user to place the monitoring elec-
trodes on the subject patient. When so accomplished, analysis
begins on the patient ECG signals being received by the
monitoring electrodes as well. [n this state, ECGinboth of the
therapy pads and the monitoring electrodes are being ana-
lyzed for the advisement of electrotherapy. But responsive to
step 420, the shock decision source is automatically switched
from the default therapy pads source of ECG signals to the
monitoring electrodes ECG signals at step 422. In this state,
both pads and electrodes are connected, and the shock advi-
sory source signal being provided to the defibrillator’s shock
delivery circuit is from the monitoring electrodes source of
ECG, presumably the source having has the lower level of
CPR-related noise artifact. In order to further reduce the level
of noise artifact, a filtering step may be performed on the
monitoring electrodes ECG prior to the analyzing step.
[0071] FIG. 14 also illustrates an optional step, in accor-
dance with exemplary embodiments of the present invention,
of analyzing the therapy pads ECG for artifact, including for
CPR-related noise, at step 424. Step 424 is repeated in a
looping function as long as any shock analysis is occurring.
During those periods of time in which the therapy pads ECG
is determined to be noise-free, then the shock advisory source
toggles back to the therapy pads ECG. This option can be
desirable for some users that prefer to use ECG from therapy
pads because of local operating protocol, or in situations
where the therapy pads ECG shock advisory algorithm is
more accurate than the monitoring electrodes algorithm, for
example.

[0072] One having ordinary skill in the art should appreci-
ate that modifications to the exemplary device, system and
method as herein are encompassed within the scope of the
present invention. For example, references here to “limb lead
electrodes” or “electrode lead” ECG may include ECG from
any of the standard limb leads I, II, 1II, aVR, aVL, aVF.
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Although in practice leads V1,V2,V3,V4,V5, or V6, or any
other precordial or right sided ECG lead would likely be less
optimal for use in the inventive apparatus and methods due to
their proximity to the site of CPR compressions (sternum),
the invention is not limited by excluding the possible use of
these leads.

[0073] Furthermore, the placement of the limb lead elec-
trodes may be either on the Mason-Likar (on torso) locations
used routinely for continuous ECG monitoring (Left and
Right Arm electrodes on shoulders or clavicles; leg electrodes
on lower abdomen), or positioned in the standard 12-lead
diagnostic locations of wrists and ankles.

[0074] A further embodiment can allow display of both
ECG from therapy pads and ECG monitoring leads simulta-
neously (in different waveform areas of the device’s display).
In this embodiment, any ECG waveform may be labeled
appropriately as “PADS” or “LEAD X” (where X corre-
sponds to the user selected standard limb leads such as I, 11,
11, aVR, AVL, aVF).

[0075] Further, as one having ordinary skill in the art will
appreciate in view of the teachings provided herein, features,
elements, components, etc. described in the present disclo-
sure/specification and/or depicted in the appended Figures
may be implemented in various combinations of hardware
and software, and provide functions which may be combined
in a single element or multiple elements. For example, the
functions of the various features, elements, components, etc.
shown/illustrated/depicted in the Figure can be provided
through the use of dedicated hardware as well as hardware
capable of executing software in association with appropriate
software. When provided by a processor, the functions can be
provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of
which can be shared and/or multiplexed. Moreover, explicit
use of the term “processor” or “controller” should not be
construed to refer exclusively to hardware capable of execut-
ing software, and can implicitly include, without limitation,
digital signal processor (“DSP”) hardware, memory (e.g.,
read-only memory (“ROM”) for storing software, random
access memory (“RAM”), non-volatile storage, etc.) and vir-
tually any means and/or machine (including hardware, soft-
ware, firmware, combinations thereof, etc.) which is capable
of (and/or configurable) to perform and/or control a process.

[0076] Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention, as well as specific
examples thereof, are intended to encompass both structural
and functional equivalents thereof. Additionally, itis intended
that such equivalents include both currently known equiva-
lents as well as equivalents developed in the future (e.g., any
elements developed that can perform the same or substan-
tially similar function, regardless of structure). Thus, for
example, it will be appreciated by one having ordinary skill in
the art in view of the teachings provided herein that any block
diagrams presented herein can represent conceptual views of
illustrative system components and/or circuitry embodying
the principles of the invention. Similarly, one having ordinary
skill in the art should appreciate in view of the teachings
provided herein that any flow charts, flow diagrams and the
like can represent various processes which can be substan-
tially represented in computer readable storage media and so
executed by a computer, processor or other device with pro-
cessing capabilities, whether or not such computer or proces-
sor is explicitly shown.
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[0077] Furthermore, exemplary embodiments of the
present invention can take the form of a computer program
product accessible from a computer-usable and/or computer-
readable storage medium providing program code and/or
instructions for use by or in connection with, e.g., a computer
or any instruction execution system. In accordance with the
present disclosure, a computer-usable or computer readable
storage medium can be any apparatus that can, e.g., include,
store, communicate, propagate or transport the program for
use by orin connection with the instruction execution system,
apparatus or device. Such exemplary medium can be, e.g., an
electronic, magnetic, optical, electromagnetic, infrared or
semiconductor system (or apparatus or device) or a propaga-
tion medium. Examples of a computer-readable medium
include, e.g., a semiconductor or solid state memory, mag-
netic tape, a removable computer diskette, a random access
memory (RAM), a read-only memory (ROM), flash (drive), a
rigid magnetic disk and an optical disk. Current examples of
optical disks include compact disk-read only memory (CD-
ROM), compact disk-read/write (CD-R/W) and DVD. Fur-
ther, it should be understood that any new computer-readable
medium which may hereafter be developed should also be
considered as computer-readable medium as may be used or
referred to in accordance with exemplary embodiments of the
present invention and disclosure.

[0078] Having described preferred and exemplary embodi-
ments for systems, devices, and methods for monitoring a
subject cardiac rhythm during the application of cardio-pul-
monary resuscitation (CPR) (which embodiments are
intended to be illustrative and not limiting), it is noted that
modifications and variations can be made by persons skilled
in the art in light of the teachings provided herein (including
the appended Figures). It is therefore to be understood that
changes can be made in/to the preferred and exemplary
embodiments of the present disclosure which are within the
scope of the embodiments disclosed herein.

1. A method for selectively displaying an ECG on a
defibrillator during a cardiac resuscitation of a subject, com-
prising the steps of:

providing a defibrillator having a display, a therapy pads
connector, a monitoring electrodes connector, a proces-
sor operable to obtain an electrocardiogram (ECG)
responsive to inputs from either of the therapy pads
connector and the monitoring electrodes connector, and
a controller operable to sense a connection of therapy
pads to the therapy pads connector and operable to sense
a connection of monitoring electrodes to the monitoring
electrodes connector;

displaying an ECG obtained from the therapy pads con-
nector;

sensing both of a connection of a set of therapy pads to the
therapy pads connector and a connection of a set of
monitoring electrodes to the monitoring electrodes con-
nector; and

automatically switching the displaying of an ECG obtained
from the therapy electrodes connector to a displaying of
an ECG obtained from the monitoring electrodes con-
nector responsive to the sensing step.

2. The method of claim 1, further comprising a filtering
step of filtering the ECG from the monitoring electrodes prior
to the displaying step.
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3. The method of claim 1, further comprising a step of
toggling the display back to the ECG obtained from the
therapy electrodes connector subsequent to the automatically
switching step.

4. The method of claim 3, wherein the toggling step is
automatic based on a sensed noise-free ECG obtained from
the therapy electrodes connector.

5-11. (canceled)

12. A defibrillator comprising:

a therapy pads connector operable to connect to a set of

therapy pads;

a monitoring electrode connector operable to connect to a
set of monitoring electrodes;

a processor operable to obtain an ECG from either of the
therapy pads or the monitoring electrodes;

a sensor operable to sense the connection of the set of
monitoring electrodes to the monitoring electrode con-
nector and further operable to automatically select the
ECG obtained from the monitoring electrodes for dis-
play in response to the sensed connection; and

a display operable to display the selected ECG.

13. The defibrillator of claim 12, wherein the processor is
operable to filter the obtained ECG for removing noise arti-
fact.

14. The defibrillator of claim 12, wherein the sensor com-
prises a controller.

15. The defibrillator of claim 14, wherein the sensor is
further operable to automatically select the ECG obtained
from the therapy pads in an absence of a sensed connection of
the set of monitoring electrodes to the monitoring electrode
connector.

16. The defibrillator of claim 12, wherein the monitoring
electrodes are operable to be disposed on a patient in a stan-
dard limb lead orientation.

17. The defibrillator of claim 12, further comprising:

an artifact detector operable to determine the level of noise
artifact on the ECG obtained from the therapy pads,

wherein the sensor is further operable to toggle the ECG for
display from the ECG obtained from the monitoring
electrodes to the ECG obtained from the therapy pads if
the level of noise artifact is below a predetermined noise
level.

18-20. (canceled)

21. The defibrillator of claim 12, further comprising:

a high voltage shock delivery circuit;

wherein the processor is further operable to analyze the
ECG Obtained from either of the therapy pads or the
monitoring electrodes, and to determine a shock deci-
sion based on the obtained ECG;

wherein the sensor is further to automatically select a
shock decision based on the ECG obtained from the
monitoring electrodes in response to the sensed connec-
tion; and

wherein the high voltage shock delivery circuit is operable
to deliver an electrotherapy shock via the therapy pads
connector and therapy pads in response to the shock
decision based on the ECG obtained from the monitor-
ing electrodes.

22. The defibrillator of claim 21,

wherein the sensor is further operable to automatically
select a shock decision based on the ECG obtained from
the therapy pads in the absence ofa sensed connection of
the set of monitoring electrodes to the monitoring elec-
trode connector; and
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wherein the high voltage shock delivery circuit is further
operable to deliver the electrotherapy shock via the
therapy pads connector and the therapy pads in response
to the shock decision based on the ECG obtained from
the therapy pads.

23. The method of claim 4 further comprising:

analyzing the ECG obtained from the therapy electrodes

connector; and

automatically switching the analyzing of the ECG obtained

from the therapy electrodes connector to an analyzing of
the ECG obtained from the monitoring electrodes con-
nector responsive to the sensing step.

24. The method of claim 23, further comprising a filtering
step of filtering the ECG from the monitoring electrodes prior
to the analyzing step.

25. The method of claim 23, further comprising a step of
toggling the analyzing back to the ECG obtained from the
therapy electrodes connector subsequent to the automatically
switching step, wherein the toggling step is automatic based
on a sensed noise-free ECG obtained from the therapy elec-
trodes connector.
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