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(7) ABSTRACT

A medical monitoring and treatment device that includes a
therapy delivery interface, a plurality of therapy electrodes
coupled to the therapy delivery interface, a plurality of
electrocardiogram sensing electrodes to sense electrocardio-
gram signals of a patient, a sensor interface to receive the
electrocardiogram signals and digitize the electrocardiogram
signals, and at least one processor coupled to the sensor
interface and the therapy delivery interface to analyze the
digitized electrocardiogram signals, to detect a cardiac
arrhythmia based on the digitized electrocardiogram signals,
and to control the therapy delivery interface to apply elec-
trical therapy to the patient based upon the detected cardiac
arrhythmia. The at least one processor is further configured
to analyze a frequency domain transform of the digitized
electrocardiogram signals, to determine a metric indicative
of a metabolic state of a heart of the patient, and to accelerate
or delay application of the electrical therapy based upon the
metric.

12
120




Patent Application Publication = Mar. 1,2018 Sheet 1 of 5 US 2018/0055442 A1

100

110
h [
114b
112 112

120

114a
108
145

FIG. 1



Patent Application Publication = Mar. 1,2018 Sheet 2 of § US 2018/0055442 A1

220
Portable
Treatment
Controller
204 212
Data — Sensor
Storage Interface
206
Network 218
Processor
Interface
202
208 210 Therapy
User Power Delivery
Interface Source Interface

FIG. 2



Patent Application Publication = Mar. 1,2018 Sheet 3 of 5 US 2018/0055442 A1

Monitor, Analyze, Store

I: ECG Signals

Cardiac Arrhythmia

Detected Cardiac Arrhythmia No
Longer Detected

Additional Notification,
Instruction to Patient

Notify Patient, Activate Requesting Response
Treatment Component .z

Administer Defibrillation
Requested

Response
Received

Requested Response Not
Received

@ Delay Treatment,
Analyze Other

Signals
Detected Lack of

Conciousness

Deploy Gel

FIG. 3



US 2018/0055442 A1

Mar. 1,2018 Sheet 4 of 5

Patent Application Publication

¥ B4

uone|juquap

ddo e
/mwv uone||uguag InisssaoNs
:uwvw, a6uel Jo pua — J8isiuupy
Jamol 18 YSINY \4
yooyg/Buioed
{ NN.V aoed \/m.v.v/
& BueJ jo pus ' s|eubig JeyiQ ezAleuy
[ TRUBIB YSINY . (Ggp) WS IAIY JONUOI
/mmv 199 s Py
N >o_aon_ ooys/Buioed /mm_i 129 Aoideq
[nisseo0onsun
o ___sljed 03 suolpnisul ﬁ\),,,,v 1A
ddD  (0Lp) (oot ‘lesy Aoideq R4/
sy S SANLA
ybiH AN Bulppels yooys/Buioed
VSIAY [Nyssa00NsuUN [Njsse20Nng

SJEJSPON YSINY

wsened AlloN

‘116 'VSIWY sulueleg 97 dA ¢ANLA
mov, qusuodwo Jusuneal |

pojoslep JobuoT ~7 ejeAnoy ‘Jusied AJIoN
ON BlWYIAYLY oBIpIED

Buiuels
[Nissaoong

pajoslaQ

sjeubis 904 h\oovw eluyIAyLyY oelpie)d

21018 ‘9zZAleuy ‘JOUUON-—



US 2018/0055442 A1

Mar. 1,2018 Sheet 5 of 5

Patent Application Publication

G B4
"dD (Ggo) UONEIILqUSQ Jaisiulpy uoney|uqyep
ey S VSNV JOjIUOIN Inyss820Ng
(08G) abuel Jo pus
R JaMmol 18 YSAIY, )\4
Mooyg/Buioed
212G w o
s ooed s|jeufig mvm
&mc@ 40 pus ' 18yl0 szAleuy

S ~TIBUBIy B YSNY. (cgg) VSIAY JOHUOIA

G265, R

8D PR

yooys/Buioed
Aoideq |nJsSsanonsun 1589199 Aoided
) juened AN
dd0 \o mm,,,/ T, 0} suononasu| SN
onasu; 045/ 095! eg Aoideq SEE L ANIA
MOT VSNV \ 4 -
ybiy Buipers Mooys/buioed
VSINY InysseoonsuN [njssa0oNg

7, M

S1BISPOIN YSINY SLS ey

o ,,,,mmm,,,v, 4A A
LL6 ‘VSWY sulueleq - / L CANLA
\mow/ ‘Jusuodwoy) Juswesl |
palos1ep JebuoT] 7T gAY qusied AON

ON BIWUIAYLY oelpJeD
pajosieg
WALy oelpie)

sieubls 903 (gos)

8.101g ‘9zAleuy ‘JONUO -



US 2018/0055442 Al

AMPLITUDE SPECTRUM AREA
CONSIDERATIONS FOR AN EXTERNAL
MEDICAL MONITORING AND TREATMENT
DEVICE

TECHNICAL FIELD

[0001] The technology described in this document is
directed to non-invasive medical devices, and more particu-
larly, to a non-invasive ambulatory medical monitoring and
treatment device that is capable of externally defibrillating
and/or externally pacing the heart of a patient wearing the
device.

BACKGROUND

[0002] Cardiac arrest and other cardiac health ailments are
a major cause of death worldwide. Various resuscitation
efforts aim to maintain the body’s circulatory and respiratory
systems during cardiac arrest in an attempt to save the life
of the victim. Such resuscitation efforts may include CPR
(i.e., chest compressions with or without artificial respira-
tion), pacing, defibrillation, drug therapy, open heart mas-
sage, or various combinations thereof. For many forms of
cardiac arrest, such as where the subject is suffering from
Ventricular Fibrillation (VF) or Ventricular Tachycardia
(VT), defibrillation may be appropriate, especially if applied
soon after the onset of VF or VT. Various studies have shown
that each minute of delay in the application of defibrillation
can result in a 10% decrease in the victim’s chance of
survival, thus the sooner the resuscitation efforts begin, the
better the victim’s chances of survival.

SUMMARY

[0003] In one aspect, this document features an ambula-
tory medical monitoring and treatment device. The device
includes a power source, a therapy delivery interface
coupled to the power source, and a plurality of therapy
electrodes coupled to the therapy delivery interface. The
device also includes a plurality of electrocardiogram (ECG)
sensing electrodes to sense ECG signal of a heart of a
patient, a sensor interface to receive and digitize the ECG
signal, and at least one processor coupled to the sensor
interface and the therapy delivery interface. The at least one
processor is configured to analyze the ECG signal, wherein
the analysis includes determining a metric based on an
analysis of at least one channel of the ECG signal. The
metric is indicative of a general viability of the heart or
indicative of chances of success of a therapeutic intervention
to reduce cardiac arrhythmia. The at least one processor is
further configured to detect a cardiac arrhythmia based on
the analysis of the ECG signal, and control the therapy
delivery interface to apply electrical therapy to the patient
based upon the detected cardiac arrhythmia. Such control-
ling includes modifying a timing or choice of the therapeutic
intervention based upon the metric. Implementations can
include one or more of the following features.

[0004] The therapeutic intervention can include defibril-
lation, cardio-pulmonary resuscitation (CPR), or pacing.
The metric can be determined based on analyzing a plurality
of channels of the ECG signal. The metric can be determined
based on a transform-based analysis of the ECG signal. The
metric can also be determined based on an area of an
amplitude spectrum (AMSA). The metric can also be deter-
mined or based on time domain measurements. The metric
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can include median slope. The transform can be one of: a
Fourier transform, a wavelet transform, or a Hilbert trans-
form. The metric can include an area of an amplitude
spectrtum of ventricular fibrillation waveforms obtained
from a frequency domain transform of the digitized ECG
signal. The metric can be determined over a window of time
of 100 milliseconds to twenty seconds. The at least one
processor can be configured to accelerate the application of
the electrical therapy to the patient in response to the metric
indicating general viability of the heart or a threshold
probability of success of the therapeutic intervention to
reduce cardiac arrhythmia. The application of the electrical
therapy to the patient can be delayed in response to the
metric indicating an absence of general viability of the heart
or a low chance of success of the therapeutic intervention to
reduce cardiac arrhythmia. The device can include a user
interface coupled to the at least one processor, wherein the
at least one processor is further configured to issue instruc-
tions via the user interface requesting CPR be performed on
the patient in response to the metric indicating the absence
of general viability of the heart or the low chance of success
of the therapeutic intervention to reduce cardiac arrhythmia.
The application of electrical therapy to the patient can be
delayed in response to a determination that CPR is being
performed on the patient.

[0005] The at least one processor can be further configured
to determine a first metric indicative of the general viability
of the heart or the chances of success of a therapeutic
intervention to reduce cardiac arrhythmia during a first time
period. The at least one processor can also be configured to
determine a second metric indicative of the general viability
of the heart or the chances of success of a therapeutic
intervention to reduce cardiac arrhythmia of the patient
during a second time period that is subsequent to the first
time period. The processor can also be configured to com-
pare the first metric to the second metric, and to accelerate
the application of the electrical therapy to the patient in
response to the second metric being less than the first metric
by a threshold amount. The metric can be determined for a
first period of time. The metric can also be determined for at
least one second period of time that is shorter than the first
period of time to determine when the electrical therapy is to
be applied to the patient. The first period of time can be
approximately two seconds, and each second period of time
can be approximately 200 milliseconds. The at least 200
milliseconds period of time can include successive overlap-
ping windows. The electrical therapy can be applied to the
patient at time corresponding to a local maximum of the area
of the amplitude spectrum of the ventricular fibrillation
waveform.

[0006] Aspects and embodiments of the present technol-
ogy are directed to a medical monitoring and treatment
device that monitors a cardiac condition of a patient and can
administer external therapy to the heart. In certain embodi-
ments the functionality may be performed by a non-invasive
bodily-attached ambulatory medical monitoring and treat-
ment device. In contrast to currently available monitoring
and treatment devices, embodiments of the present technol-
ogy use an analysis of the spectral area of electrocardiogram
(ECG) waveforms of the patient to hasten or delay the
application of electrical therapy based on the spectral analy-
sis. In certain embodiments, the analysis of the spectral area
of the ECG waveforms may be combined with the moni-
toring of other physiological parameters of the patient, such
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as muscle activity, to hasten or delay the application of
electrical therapy, and/or to recommend an alternative treat-
ment, such as the performance of cardiopulmonary resusci-
tation (CPR), be performed on the patient.

[0007] The metric can be determined over multiple inter-
vals of time, and the device can be configured to control the
therapy delivery interface to apply defibrillation to the
patient at a time corresponding to a local indicia of the
sequence of determined values of the metric. The intervals
can be successive. The intervals can be at least partially
overlapping or consecutive. The intervals can be 100 milli-
seconds to 1 second in duration. The indicia can be a
maximum, or a minimum. The indicia can be based on a
first, second or higher order derivative or difference of the
sequence of determined values of the metric. Each of the
plurality of successive windows of time can be approxi-
mately 1 second in duration. The plurality of successive
windows of time can overlap one another by approximately
two hundred milliseconds. The plurality of successive win-
dows of time can be non-overlapping. The at least one
processor can be configured to determine a local indicia of
the sequence of determined values of the metric over the
plurality of successive windows of time and control the
therapy delivery interface to apply defibrillation to the
patient when the most recent determined value of the metric
differs from the local indicia by more than a predetermined
amount.

[0008] In another aspect, the document features a method
that includes receiving ECG signals from a heart of a patient
using a non-invasive bodily-attached ambulatory medical
monitoring and treatment device, and analyzing the ECG
signals to detect a cardiac arrhythmia. Such analysis can
include analyzing a frequency domain transform of the ECG
signals to determine a metric indicative of a general viability
of the heart or indicative of chances of success of a thera-
peutic intervention to reduce cardiac arrhythmia. The
method also includes determining whether to apply electri-
cal therapy to the heart of the patient based on the detected
cardiac arrhythmia, and accelerating or delaying the elec-
trical therapy to the heart of the patient based upon the
metric.

[0009] Implementations can include one or more of the
following features.

[0010] The detected cardiac arrhythmia can be ventricular
fibrillation and the electrical therapy can be accelerated in
response to the metric indicating a general viability of the
heart or a threshold probability of success of the therapeutic
intervention to reduce cardiac arrhythmia. The electrical
therapy can be delayed in response to the metric indicating
an absence of general viability of the heart or a low chance
of success of the therapeutic intervention to reduce cardiac
arrhythmia. The electrical therapy can include defibrillation.
Analyzing the frequency domain transform of the ECG
signals can include analyzing the frequency domain trans-
form of the ECG signals obtained over a window of time of
a particular length to determine the metric. The length of the
time window can be approximately one second, approxi-
mately two seconds, approximately three seconds or
approximately four seconds. The window of time can be a
first window, wherein a frequency domain transform of the
ECG signals obtained over a plurality of second windows of
time is analyzed to determine when to apply the electrical
therapy to the heart of the patient. Each second window of
time of the plurality of second windows of time can be
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approximately one second in duration. The plurality of
second windows of time can be adjacent and overlap one
another by approximate 200 milliseconds. Analyzing the
frequency domain transform of the ECG signals over the
plurality of second windows of time can include determining
an area of an amplitude spectrum of ventricular fibrillation
waveforms obtained from the frequency domain transform
of the ECG signals over each second window of time. The
electrical therapy can be applied to the heart of the patient
at a time corresponding to local maxima of the area of the
amplitude spectrum of the ventricular fibrillation waveforms
obtained from the frequency domain transform of the ECG
signals over each second window of time. Analyzing the
frequency domain transform of the ECG signals can include
analyzing the frequency domain transform of the ECG
signals obtained over a window of time of approximately
two seconds to determine the metric. The metric can include
an area of an amplitude spectrum of ventricular waveforms
obtained from the frequency domain transform of the ECG
signals obtained of the window of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates a medical monitoring and treat-
ment device, such as a wearable defibrillator.

[0012] FIG. 2 is a functional block diagram of one
example of a portable treatment controller that may be used
in the medical monitoring and treatment device of FIG. 1.

[0013] FIG. 3 is a state diagram showing various states of
operation of a non-invasive, bodily attached ambulatory
medical monitoring and treatment device.

[0014] FIG. 4 is a state diagram showing various states of
operation of a non-invasive, bodily attached ambulatory
medical monitoring and treatment device.

[0015] FIG. 5is a state diagram showing various states of
operation of a non-invasive, bodily attached ambulatory
medical monitoring and treatment device.

DETAILED DESCRIPTION

[0016] The examples of the methods and apparatus dis-
cussed herein are not limited in application to the details of
construction and the arrangement of components set forth in
the following description or illustrated in the accompanying
drawings. The methods and apparatuses are capable of
implementation in other examples and of being practiced or
of being carried out in various ways. Examples of specific
implementations are provided herein for illustrative pur-
poses only and are not intended to be limiting. In particular,
acts, elements and features discussed in connection with any
one or more examples are not intended to be excluded from
a similar role in any other examples.

[0017] Any references to examples or elements or acts of
the systems and methods herein referred to in the singular
may also embrace examples including a plurality of the
elements, and any references in plural to any example or
element or act herein may also embrace examples including
only a single element. References in the singular or plural
form are not intended to limit the presently disclosed sys-
tems or methods, their components, acts, or elements. The
use herein of “including,” “comprising,” “having,” “con-
taining,” “involving,” and variations thereof is meant to
encompass the items listed thereafter and equivalents thereof
as well as additional items. References to “or” may be
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construed as inclusive so that any terms described using “or”
may indicate any of a single, more than one, and all of the
described terms.

[0018] Aspects and embodiments of the present technol-
ogy monitor the cardiac condition of a patient and admin-
ister external therapy to the heart using a non-invasive
medical monitoring and treatment device, and in some
embodiments monitor the cardiac condition of a patient and
administer external therapy to the heart using a bodily-
attached non-invasive ambulatory medical monitoring and
treatment device. In some embodiments, the technology
described herein may also be used in invasive devices. As
used herein, the term non-invasive means that the device
does not penetrate the body of a patient. In contrast, invasive
devices, such as implantable medical devices, at least a
portion of the device is disposed subcutaneously. The term
bodily-attached means that at least a portion of the device
(other than its electrodes in the case of a defibrillator,
cardioverter or pacer) is removably attached to the body of
a patient, such as by mechanical coupling (for example, by
a wrist strap, cervical collar, bicep ring), adhesion (for
example, by an adhesive gel intermediary), suction, magne-
tism, fabric or other flexible material (for example, by straps
or integration into a garment) or other body mounting
features not limited by the aforementioned examples. The
coupling elements hold the device in a substantially fixed
position with respect to the body of the patient. The term
ambulatory means that the device is capable of, and
designed for, moving with the patient as the patient goes
about their daily routine.

[0019] Although embodiments of the present technology
are primarily directed to non-invasive bodily-attached
ambulatory medical monitoring and treatment devices, vari-
ous aspects of the present technology may be adapted for use
in other types of non-invasive medical monitoring and
treatment devices that are not adapted to be worn by a
patient, such as an Automated External Defibrillator (AED)
or an Advanced Life Support (ALS) type of defibrillator,
such as the M Series defibrillator, R Series ALS defibrillator,
R Series Plus defibrillator, or E Series defibrillator manu-
factured by the ZOLL Medical Corporation of Chelmsford
Mass.

[0020] One example of a non-invasive bodily-attached
ambulatory medical monitoring and treatment device (here-
inafter referred to as a “medical monitoring and treatment
device”) is the LifeVest® Wearable Cardioverter Defibril-
lator available from ZOLL Medical Corporation of Chelms-
ford, Mass. The medical monitoring and treatment device
can provide lifesaving defibrillation treatment to a patient
suffering from a treatable form of cardiac arrhythmia such as
Ventricular Fibrillation (VF) or Ventricular Tachycardia
D).

[0021] FIG. 1 illustrates a medical monitoring and treat-
ment device, such as a LifeVest® Wearable Cardioverter
Defibrillator available from ZOLL Medical Corporation of
Chelmsford, Mass. As shown, the medical monitoring and
treatment device 100 includes a harness 110 having a pair of
shoulder straps and a belt that is worn about the torso of a
patient. The harness 110 is typically made from a material,
such as cotton, nylon, spandex, or combinations thereof that
is breathable, and unlikely to cause skin irritation, even
when worn for prolonged periods of time. The medical
monitoring and treatment device 100 includes a plurality of
electrocardiographic (ECG) sensing electrodes 112 that are
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disposed on or in the harness 110 at various positions about
the patient’s body and electrically coupled (wirelessly or by
a wired connection) to a portable treatment controller 120
via a connection pod. The plurality of ECG sensing elec-
trodes 112 are used by the portable treatment controller 120
to monitor the cardiac function of the patient and generally
include a front/back pair of ECG sensing electrodes and a
side/side pair of ECG sensing electrodes. In some embodi-
ments, additional ECG sensing electrodes may be provided,
and the plurality of ECG sensing electrodes 112 may be
disposed at varying locations about the patient’s body. In
addition, the plurality of ECG electrodes 112 may incorpo-
rate any electrode system, including conventional stick-on
adhesive electrodes, dry-sensing capacitive ECG electrodes,
radio transparent electrodes, segmented electrodes, or one or
more long term wear electrodes that are configured to be
continuously worn by a patient for extended periods (e.g., 3
or more days). Signals from various combinations of pairs of
the plurality of ECG electrodes can be used to define
different channels of the ECG signal. For example, signals
measured using a particular pair of electrodes can be used to
obtain a differential signal to define a corresponding channel
of the ECG signal. The medical monitoring and treatment
devices disclosed herein may incorporate sundry materials
arranged in a variety of configurations to maintain a proper
fit with the patient’s body. Thus embodiments are not limited
to the configuration and materials described above with
reference to FIG.1.

[0022] The medical monitoring and treatment device 100
can include a plurality of therapy electrodes 114 that are
electrically coupled to the portable treatment controller 120
via the connection pod and which are configured to deliver
one or more therapeutic defibrillating shocks to the body of
the patient, if it is determined that such treatment is war-
ranted. In some embodiments, the plurality of therapy elec-
trodes may also be configured to perform cardiac pacing, or
to apply an electrical shock that can terminate a cardiac
arrhythmia, such as VT. As shown, the plurality of therapy
electrodes 114 includes a first therapy electrode 114a that is
disposed on the front of the patient’s torso and a second
therapy electrode 1144 that is disposed on the back of the
patient’s torso. The second therapy electrode 1145 may, as
shown, include a pair of therapy electrodes that are electri-
cally coupled together and act as the second therapy elec-
trode 1145. The use of two therapy electrodes 114a, 114h
permits a biphasic shock to be delivered to the body of the
patient, such that a first of the two therapy electrodes can
deliver a first phase of the biphasic shock with the other
therapy electrode acting as a return, and the other therapy
electrode can deliver the second phase of the biphasic shock
with the first therapy electrode acting as the return. The
connection pod electrically couples the plurality of ECG
sensing electrodes 112 and the plurality of therapy elec-
trodes 114 to the portable treatment controller 120, and may
include electronic circuitry. For example, in one implemen-
tation the connection pod includes signal acquisition cir-
cuitry, such as a plurality of differential amplifiers to receive
ECG signals from different ones of the plurality of ECG
sensing electrodes 112 and to provide a differential ECG
signal to the portable treatment controller 120 based on the
difference therebetween. The connection pod may also
include other electronic circuitry, such as a motion sensor or
accelerometer by which patient activity may be monitored.
A motion sensor may also be disposed in the portable
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treatment controller 120 to change the orientation of the
display upon a change in the orientation of the portable
treatment controller, to detect a drop or abuse event, etc.
[0023] In some embodiments, both the first therapy elec-
trode 114a and the second therapy electrode 1145 are
disposed on the front of the patient’s torso. For example, the
first therapy electrode 114a may be located at external to the
apex of the heart and the second therapy electrode 1145 may
be located along the parasternal line. Thus embodiments are
not limited to a particular arrangement of therapy electrodes
114.

[0024] In some embodiments, the plurality of ECG sens-
ing electrodes 112 are positioned and paired such that
artifacts generated from electrical activity are decreased. In
other embodiments, the electronic circuitry included in the
portable treatment controller 120 may equalize artifacts
measured at electrodes by changing a gain or impedance.
[0025] As shown in FIG. 1, the medical monitoring and
treatment device 100 may also include a user interface pod
that is electrically coupled to the portable treatment control-
ler 120. The user interface pod can be attached to the
patient’s clothing or to the harness 110, for example, via a
clip (not shown) that is attached to a portion of the interface
pod. Alternatively, the user interface pod may simply be held
in a person’s hand, or may be integrated into a watch 145
that communicates wirelessly with the portable treatment
controller 120. In some embodiments, the user interface pod
may communicate wirelessly with the user interface 108 of
the ambulatory medical device controller 120, for example,
using a Bluetooth®, Wireless USB, ZigBee, Wireless Eth-
ernet, GSM, or other type of communication interface. The
user interface pod typically includes one or more actionable
user interface elements (e.g., one or more buttons, a finger-
print scanner, a touch screen, microphone, etc . . . ) by which
the patient, or a bystander can communicate with the por-
table treatment controller 120, and a speaker by which the
portable treatment controller 120 may communicate with the
patient or the bystander. In certain models of the LifeVest®
Wearable Cardioverter Defibrillator, the functionality of the
user interface pod is incorporated into the portable treatment
controller 120, and the portable treatment controller 120
includes an LCD display.

[0026] The portable treatment controller 120 generally
includes at least one processor, microprocessor, or control-
ler, such as a processor commercially available from com-
panies such as Texas Instruments, Intel, AMD, Sun, IBM,
Motorola, Freescale and ARM Holdings. In one implemen-
tation, the at least one processor includes a power conserv-
ing processor arrangement that includes a general purpose
processor, such as an Intel® PXA270 processor and a
special purpose processor, such as a Freescale™ DSP56311
Digital Signal Processor. The at least one processor of the
portable treatment controller 120 is configured to monitor
the patient’s medical condition, to perform medical data
logging and storage, and to provide medical treatment to the
patient in response to a detected medical condition, such as
cardiac arrhythmia.

[0027] Although not shown, the medical monitoring and
treatment device 100 may include additional sensors, other
than the ECG sensing electrodes 112, capable of monitoring
the physiological condition or activity of the patient. For
example, sensors capable of measuring blood pressure, heart
rate, heart sounds, thoracic impedance, pulse oxygen level,
respiration rate, muscle activity (e.g., electromyographic or
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EMG sensors), and the activity level or body position of the
patient may also be provided.

[0028] In various models of the LifeVest® Wearable Car-
dioverter defibrillator, the portable treatment controller 120
determines whether a treatable life-threatening cardiac
arrhythmia is present based primarily on an analysis of the
ECG signals obtained from the patient. Such an analysis
may include, for example, QRS signal detection based upon
digitized ECG signals, the morphology of the detected QRS
signals and the patient’s heart rate, axis analysis of patient’s
heart using vector cardiographic techniques, and the spectral
analysis of various frequency components of patient’s ECG
signals, such as described in U.S. Pat. No. 5,944,669 (the
“’669 patent”), which is hereby incorporated by reference
herein. An arrhythmia detection component that is execut-
able on the portable treatment controller 120 evaluates the
various ECG metrics, as well as other metrics to determine
a confidence level of whether a treatable arrhythmia exists.
Other metrics that are evaluated by the arrhythmia detection
component typically include the signal to noise ratio of the
ECG signals, the correlation between detected anomalies in
the ECG signal and the presence of noise, a correlation
between detected anomalies in the ECG signal and motion
of the patient, as well as the general activity level of the
patient. If the confidence level of the detected arrhythmia
exceeds a determined threshold, the portable treatment con-
troller activates a treatment component configured to pro-
vide treatment to the patient.

[0029] Activation of the treatment component generally
includes a charging of capacitors that are operatively
coupled to the treatment electrodes and capable of storing
sufficient energy to provide one or more defibrillating shocks
to the body of the patient. The capacitors are typically
disposed within the portable treatment controller and
coupled to a power source, such as a battery, that is also
typically disposed within the controller. In some embodi-
ments, the capacitors, and/or the battery may be separate
from the portable treatment controller; for example, the
capacitors may be located on opposing sides of the patient’s
torso for better weight distribution and comfort. In response
to detection of the treatable cardiac arrhythmia and the
charging of the capacitors, the portable treatment controller
generally issues an audible alarm or alert via a loudspeaker
(not shown) on the portable treatment controller 120 and/or
the user interface pod alerting the patient and any bystanders
to the patient’s medical condition. The alert is generally
repeated one or more times during and after the charging of
the capacitors and the continued detection of the arrhythmia.
In the event that the detected arrhythmia continues, and even
after the capacitors are fully charged to an energy level
capable of providing one or more defibrillating shocks to the
body of the patient, the portable treatment controller 120
instructs the patient to press and hold one or more buttons on
the portable treatment controller 120 or on the user interface
pod or watch 145 to indicate that they are conscious, thereby
instructing the portable treatment controller 120 to withhold
the delivery of one or more therapeutic defibrillating shocks.
If the patient does not respond, the device presumes that the
patient is unconscious or otherwise incapacitated and in
need of treatment, and proceeds with the treatment
sequence, culminating in the delivery of one or more defi-
brillating shocks to the body of the patient.

[0030] Although various models of the LifeVest® Wear-
able Cardioverter Defibrillator can provide a defibrillating
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shock within 45 seconds from the detection of the onset of
a detected cardiac arrhythmia such as VF, in some situations
it can be advantageous to hasten, or to delay, the adminis-
tration of electrical therapy to a patient. Accordingly, a
review of ECG data obtained from a number of patients was
conducted to determine whether other forms of ECG analy-
sis, and other physiological parameters of the patient could
be used to determine whether to hasten or delay the admin-
istration of treatment.

[0031] In one set of experiments conducted by Applicants,
ECG data from a number of patients was analyzed using a
variety of different ECG analysis techniques. Of the data
samples evaluated, the ECG data from approximately fifteen
patients was analyzed in detail. The vast majority of those
patients initially exhibited VT, which then degraded to VF.
A spectral analysis of the VF waveforms obtained from the
electrocardiograms (ECGs) of the patients showed that in a
majority of the patients, the area of the amplitude spectrum
(ASA or AMSA, and simply referred to as AMSA hereafter)
of the VF waveform declined by about one third from a
value of approximately 35 mV*Hz at the detected onset of
VF to a value of approximately 25 mV*Hz approximately
45 seconds after the detected onset of VF. In general,
subjects with an AMSA value of about 21 mV*Hz or more
have a statistically good chance of survival with typical
interventions, such as defibrillation, while those with an
AMSA value of approximately 12 mV*Hz have about a 50%
chance of survival, and those with AMSA values below
about 7 mV*Hz are statistically unlikely to survive.

[0032] In accordance with the experiments and analysis, a
non-invasive wearable medical monitoring and treatment
device is provided that analyzes ECG signals received from
a patient using QRS signal detection, morphology of
detected QRS signals and the patient’s heart rate, axis
analysis, and spectral analysis of various frequency compo-
nents of the patient’s ECG signal as described in the *669
patent, but which in addition monitors an area of the
amplitude spectrum (AMSA) of the VF waveform obtained
from the digitized ECG signals, to determine whether the
application of electrical therapy, such as defibrillation, can
be hastened or delayed, and whether to recommend another
type of intervention, such as CPR. In addition to AMSA, one
or more other metrics that are indicative of the general
viability of the heart, or indicative of the chances of success
of a therapeutic intervention to terminate the lethal arrhyth-
mia can be used. Examples of such metrics include quanti-
tative waveform measures (QMM), median slope (MS), and
logarithm of the absolute correlations (LAC). Other fre-
quency-based or transform-based metrics, such as metrics
based on wavelet transforms or Hilbert transforms, can also
be used in determining types and/or amount of intervention.

[0033] An advantage to the use of the AMSA of the VF
waveform as a metric to hasten or delay the administration
of electrical therapy, such as defibrillation, is that AMSA
values may be determined from an ECG that is obtained
during the performance of chest compressions, and further,
the subject’s ECG may be filtered (e.g., using a band pass
filter with a pass band between approximately 2 to 40 Hz) to
remove artifacts relating to chest compressions without
impacting the predictive capability of the AMSA values
calculated therefrom. In accordance with embodiments of
the present technology, the medical monitoring and treat-
ment device may also monitor the patient’s ECG signals to
detect the onset of VT, and provide therapy to the patient, in
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the form of a low-level electrical shock to induce conversion
to sinus rthythm, or in the form of pacing, to reduce the
possibility of VF.

[0034] FIG. 2 illustrates a portable treatment controller
220 that is configured to perform the critical functions of
monitoring physiological information, such as ECG signals
for abnormalities and initiating treatment of detected abnor-
malities in accordance with an aspect of the present tech-
nology. As shown, the portable treatment controller 220
includes at least one processor 218, such as a processor
commercially available from companies such as Texas
Instruments, Intel, AMD, Sun, IBM, Motorola, Freescale,
and ARM Holdings. In one implementation, the at least one
processor 218 includes a power conserving processor
arrangement that includes a general purpose processot, such
as an Intel® PXA270 processor and a special purpose
processor, such as a Freescale™ DSP56311 Digital Signal
Processor. Such a power conserving processor arrangement
is described in co-pending application Ser. No. 12/833,096,
titled SYSTEM AND METHOD FOR CONSERVING
POWER IN A MEDICAL DEVICE, filed Jul. 9, 2010 which
is incorporated by reference herein in its entirety. The at least
one processor 218 of the portable treatment controller 220 is
configured to monitor patient’s ECG signals, to perform
medical data logging and storage, to detect various cardiac
arrhythmias, and to provide lifesaving defibrillation treat-
ment to a patient suffering a treatable form of cardiac
arrhythmia, such as Ventricular Fibrillation (VF) or Ven-
tricular Tachycardia (VT).

[0035] The portable treatment controller 220 further
includes a sensor interface 212, a therapy delivery interface
202, data storage 204, a communication network interface
206, a user interface 208, and a power source 210, such as
a battery. In the illustrated example, the power source 210 is
arechargeable 3 cell 2200 mAh lithium ion battery pack that
provides electrical power to the other device components
with a minimum 24 hour runtime between charges. Such a
battery has sufficient capacity to administer one or more
therapeutic shocks and the therapy delivery interface 202
has wiring suitable to carry the load to the therapy electrodes
114. Moreover, in the example shown, the battery has
sufficient capacity to deliver up to 5 or more therapeutic
shocks, even at battery runtime expiration. The amount of
power capable of being delivered to a patient during a
defibrillating shock is substantial, for example up to
approximately 200 Joules.

[0036] The sensor interface 212, the therapy delivery
interface 202, the data storage 204, the network interface
206, and the user interface 208 are coupled to the at least one
processor 218 by, for example, a bus. In the example shown,
the data storage 204 includes a computer readable and
writeable nonvolatile data storage medium configured to
store non-transitory instructions and other data. The medium
may, for example, be optical disk, magnetic disk or flash
memory, among others and may be permanently affixed to,
or removable from, the portable treatment controller 220.
[0037] The user interface 208 shown in FIG. 2 includes a
combination of hardware and software components that
allow the portable treatment controller 220 to communicate
with an external entity, such as a user. The components are
configured to receive information from actions such as
physical movement, verbal intonation or thought processes.
In addition, the components of the user interface 208 can
provide information to external entities. Examples of the



US 2018/0055442 Al

components that may be employed within the user interface
208 include keyboards, mouse devices, trackballs, micro-
phones, electrodes, touch screens, printing devices, display
screens speakers, computer-enabled glasses, watches, or
earpieces.

[0038] As shown in FIG. 2, the portable treatment con-
troller 220 includes several system interface components
202, 206 and 212. Each of the system interface components
is configured to exchange, i.e., send or receive data, with
specialized devices that may be located within the portable
treatment controller 220 or elsewhere. The components used
by the interfaces 202, 206 and 212 may include hardware
components, software components or a combination of both.
In the instance of each interface, the components physically
and logically couple the portable treatment controller 220 to
one or more specialized devices. The physical and logical
coupling enables the portable treatment controller 220 to
both communicate with and, in some instances, control the
operation of specialized devices. The specialized devices
may include physiological sensors, therapy delivery devices,
and computer networking devices.

[0039] According to various examples, the hardware and
software components of the interfaces 202, 206 and 212
employ a variety of coupling and communication tech-
niques. In some examples, the interfaces 202, 206 and 212
use leads, cables or other wired connectors as conduits to
exchange data between the portable treatment controller 220
and specialized devices. In other examples, the interfaces
202, 206 and 212 communicate with specialized devices
using wireless technologies such as radio frequency or
infrared technology. The software components included in
the interfaces 202, 206 and 212 enable the at least one
processor to communicate with specialized devices. The
software components may include elements such as objects,
executable code and populated data structures. Together, the
hardware and software components provide interfaces
through which the at least one processor 218 can exchange
information with the specialized devices. Moreover, in at
least some examples where one or more specialized devices
communicate using analog signals, the interfaces 202, 206
and 212 can include components configured to convert
analog information into digital information, and vice-versa.

[0040] As discussed above, the system interface compo-
nents 202, 206 and 212 shown in the example of FIG. 2
support different types of specialized devices. For instance,
the components of the sensor interface 212 couple the at
least one processor 218 to one or more physiological sensors
such as a body temperatures sensors, activity sensors (€.g.,
accelerometers), pulse oxygen sensors, thoracic impedance
sensors, blood pressure sensors, acoustic sensors, respiration
monitors, muscle activity (electromyographic or EMG) sen-
sors 216 (other than ECG sensors), and dry-capacitive ECG
sensing electrodes 112. In some embodiments, other types of
ECG sensing electrodes may be used, such as gelled or
non-gelled adhesive-backed ECG sensing electrodes, as the
present technology is not limited to any particular type of
ECG sensing electrode. Signal processing circuitry within
the sensor interface 212 buffers, amplifies, and in some
embodiments, filters the subject’s ECG signal, and samples
of the processed ECG signal are digitized by an A/D
converter and provided to the at least one processor 218. The
sensor interface 212 can typically include one or more
amplifiers to buffer, amplify, and/or filter the ECG signals of
the subject and an Analog to Digital (A/D) converter to
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sample and digitize the patient’s ECG signal and provide the
digitized samples of the ECG signal to the at least one
processor, although one or more of the functions could
alternatively be performed elsewhere in the portable treat-
ment controller 220.

[0041] The at least one processor 218 analyzes the digi-
tized ECG signals to determine whether a normal cardiac
rhythm is present, and if not, to determine whether a cardiac
condition that is treatable by defibrillation (such as VT or
VF) is present. Information from the digitized ECG signals
that is analyzed can include the morphology of detected
QRS signals and the patient’s heart rate, axis analysis, and
spectral analysis of various frequency components of the
patient’s ECG signal as described in the *669 patent. The at
least one processor 218 may display the digitized ECG
signal on a display associated with the user interface 208. In
response to the at least one processor 218 determining that
a treatable cardiac condition is present, the processor 218
transforms the time domain samples of the subject’s ECG
signal to the frequency domain, for example, by using a fast
Fourier transform (FFT), and calculates one or more metrics
that are based upon an spectral analysis of the transformed
ECG signal. In accordance with an aspect of the present
technology, the metrics that are calculated by the at least one
processor 218 include AMSA values which are indicative of
the probability of successful defibrillation and the metabolic
state of the patient’s myocardium, although other metrics,
such as the area of the power spectrum (PSA) could alter-
natively be used.

[0042] The components of the therapy delivery interface
202 couple one or more therapy delivery devices, such as
capacitors and defibrillator electrodes, to the at least one
processor 218. In addition, the components of the network
interface 206 couple the at least one processor 218 to a
computer network via a networking device, such as a bridge,
router or hub. The network interface 206 may supports a
variety of standards and protocols, examples of which
include USB, TCP/IP, Ethernet, Wireless Ethernet, Blu-
etooth, ZigBee, M-Bus, IP, IPV6, UDP, DTN, HTTP, FTP,
SNMP, CDMA, NMEA and GSM. To ensure data transfer is
secure, in some examples, the treatment controller 220 can
transmit data via the network interface 206 using a variety
of security measures including, for example, TSL, SSL or
VPN. In other examples, the network interface 206 includes
both a physical interface configured for wireless communi-
cation and a physical interface configured for wired com-
munication.

[0043] FIG. 3 is a state diagram showing the various states
of operation of a non-invasive bodily-attached ambulatory
medical monitoring and treatment device, such as by cur-
rently available models of the LifeVest® Wearable Cardio-
verter Defibrillator. In state 300, which is the normal oper-
ating state of the device, the portable treatment controller
monitors, analyzes, and records ECG signals obtained from
the body of the patient. The analysis that is performed in
state 300 generally includes QRS signal detection based
upon digitized ECG signals, analyzing the morphology of
the detected QRS signals and the patient’s heart rate, axis
analysis of patient’s heart using vector cardiographic tech-
niques, and the spectral analysis of various frequency com-
ponents of patient’s ECG signals, such as described in the
*669 patent. In response to detecting a cardiac arrhythmia in
state 300, the operation of the medical monitoring and
treatment device proceeds to state 310.
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[0044] 1In state 310, the portable treatment controller noti-
fies the patient, and any bystanders that may be in the
immediate vicinity of the patient, that it has detected a
cardiac arrhythmia. The notification can include an audible
alarm such as a siren, a verbal notification such as a
reproduced voice command (for example, identifying that a
cardiac arrhythmia has been detected), a printed message
displayed on a visual display screen of the portable treat-
ment controller, the associated watch or computer-enabled
glasses, a tactile notification such as vibrations produced by
a motor with an unbalanced weight on its shaft, or all of the
above. In state 310, the portable treatment controller also
activates a treatment component in preparation for providing
one or more defibrillating shocks to the body of the patient.
Activation of the treatment component generally includes
the charging of one or more capacitors from a power supply
of the medical monitoring and treatment device up to a level
sufficient to provide one or more defibrillating shocks to the
body of the patient via the therapy delivery interface 202 and
the therapy electrodes 114. In state 310, the portable treat-
ment controller typically issues another notification to the
patient and any proximate bystanders, and continues to
monitor the ECG signals obtained from the patient. The
notification is similar to the notification provided in state
310. After activation of the treatment component, and the
issuance of one or more alerts, the portable treatment
controller proceeds to state 320. In response to determining
in state 310 that the cardiac arrhythmia is no longer present,
the portable treatment controller returns to state 300.

[0045] In state 320 the portable treatment controller con-
tinues to monitor the ECG signals obtained from the patient.
In state 320, the one or more capacitors are fully charged and
capable of delivering one or more defibrillating shocks to the
body of the patient. In state 320, the portable treatment
controller issues another notification to the patient and any
proximate bystanders. The notification may be similar to the
notification provided in state 310, but is followed by instruc-
tions to the patient and any bystanders that may be present.
The instructions can include, for example, audible instruc-
tions that are communicated to the patient and any bystand-
ers via a speaker on the portable treatment controller 120,
the user interface pod, or the associated watch 145. The
instructions can also include textual messages displayed on
a visual display screen of the portable treatment controller,
the associated watch, or computer-enabled glasses. The
instructions can be configured, for example, to request the
patient to provide a particular response, such as to press and
hold one or more response buttons on the user interface pod,
the portable treatment controller 120, or the associated
watch 145, to indicate whether they are conscious. The
instructions can also be configured to alert any bystanders
not to provide the response and to move away from the
patient because defibrillation is imminent. In response to
providing the requested response, the portable treatment
controller continues to monitor the ECG signals obtained
from the patient and proceeds to state 330. In the event that
the requested response is not provided, the portable treat-
ment controller proceeds to state 340.

[0046] In state 330 the portable treatment controller sets a
timer that delays the administration of defibrillation to the
patient for a predetermined time, based on the receipt of the
requested response. In some embodiments, the predeter-
mined time is approximately 10 seconds. In state 330 the
portable monitoring and treatment controller continues to
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monitor the ECG signals obtained from the patient and in
some implementations monitors and analyzes other signals
indicative of whether it was the patient, or another that
provided the requested response. Such other signals may
include signals obtained from one or more accelerometers
on the wearable monitoring and treatment device indicative
of the motion (e.g. consciousness) of the patient or the
inactivity (e.g., lack of consciousness) of the patient, signals
received from the body of the patient during actuation of the
one or more response buttons (and which uniquely identify
the patient as having provided the requested response), etc.
In response to determining that the other signals were
provided by someone other than the patient, or the other
signals, such as patient activity signals obtained from one or
more of the accelerometers indicate that the patient is not
conscious, the portable treatment controller proceeds to state
340.

[0047] In state 340 the portable treatment controller con-
tinues to monitor the ECG signals obtained from the body of
the patient, activates an impedance reducing gel dispensing
mechanism that is operatively coupled to the therapy elec-
trodes, and proceeds to state 350. In state 350 the portable
treatment controller administers a defibrillating shock to the
body of the patient. After administration of the defibrillating
shock in state 350, the portable treatment controller returns
to state 300.

[0048] FIG. 4 is a state diagram showing the various states
of operation of a non-invasive ambulatory monitoring and
treatment device in accordance with an embodiment of the
present technology. In contrast to the operation described
with respect to FIG. 3, various states of operation of the
monitoring and treatment device of the embodiment also
consider additional information, such as AMSA values of
the VF waveform to determine whether to hasten or delay
the application of a defibrillating shock to the patient. In
state 400, which is the normal operating state of the device,
the portable treatment controller monitors, analyzes, and
records ECG signals obtained from the body of the patient.
The analysis that is performed in state 400 generally
includes QRS signal detection based upon digitized ECG
signals, analyzing the morphology of the detected QRS
signals and the patient’s heart rate, axis analysis of patient’s
heart using vector cardiographic techniques, and the spectral
analysis of various frequency components of patient’s ECG
signals, such as described in the ’669 patent, and as
described above with respect to FIG. 3. In response to
detecting a cardiac arrhythmia in state 400, the operation of
the medical monitoring and treatment device proceeds to
state 405.

[0049] In state 405, the portable treatment controller noti-
fies the patient, and any bystanders that may be in the
immediate vicinity of the patient, that it has detected a
cardiac arrhythmia. The notification can include the notifi-
cations previously described with respect to state 310, such
as an audible alarm, a verbal notification, a textual message
(e.g., displayed on a visual display screen of the portable
treatment controller, the associated watch, or computer-
enabled glasses), a tactile notification, or a combination of
the above. In state 405, the portable treatment controller also
activates a treatment component in preparation for providing
one or more defibrillating shocks to the body of the patient.
As previously described, activation of the treatment com-
ponent generally includes the charging of one or more
capacitors from a power supply of the medical monitoring
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and treatment device up to a level sufficient to provide one
or more defibrillating shocks to the body of the patient via
the therapy delivery interface 202 and the therapy electrodes
114. In state 405, the portable treatment controller continues
to monitor the ECG signals obtained from the patient, but
also makes a determination as to whether the detected
cardiac arrhythmia corresponds to a treatable type of VT, or
to VF. In response to determining that the detected cardiac
arrhythmia corresponds to a treatable type of VT, the por-
table treatment controller proceeds to state 415, and in
response to determining that the detected type of cardiac
arrhythmia corresponds to VE, the portable treatment con-
troller proceeds to state 455. In response to determining in
state 405 that the cardiac arrhythmia is no longer present, the
portable treatment controller returns to state 400.

[0050] In state 415 the one or more capacitors are fully
charged and capable of delivering one or more defibrillating
shocks to the body of the patient, and the portable treatment
controller continues to monitor the ECG signals obtained
from the patient. In state 415, in response to determining that
the detected cardiac arrhythmia corresponds to a treatable
type of VT, the portable treatment controller issues another
notification (i.e., a high intensity alert) to the patient and any
proximate bystanders. The notification may be similar to the
notification provided in state 405, but is provided at a
significantly increased intensity (e.g., volume level and/or
vibration level), in an attempt to terminate VT and return the
patient’s heart to a sinus rhythm. In response to determining
that VT treatment was successful, the portable treatment
controller returns to state 400. Alternatively, in response to
determining that VT treatment did not return the patient to
a viable perfusing cardiac rhythm, the portable treatment
controller proceeds to state 425.

[0051] In state 425, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the patient
and again makes a determination as to whether the detected
cardiac arrhythmia corresponds to a treatable type of VT, or
to VF. In response to determining that the detected cardiac
arrhythmia corresponds to a treatable type of VT, the por-
table treatment controller proceeds to state 435. Alterna-
tively, in response to determining that the detected cardiac
arrhythmia has degraded from VT to VF the portable treat-
ment controller proceeds to state 455.

[0052] In state 435, in response to determining that the
detected cardiac arrhythmia corresponds to a treatable form
of VT, the portable treatment controller continues to monitor
the ECG signals obtained from the body of the patient. The
portable treatment controller also activates an impedance
reducing gel dispensing mechanism that is operatively
coupled to the therapy electrodes in preparation for the
administration of a low-level electrical shock configured to
terminate VT, or the administration of external pacing
configured to prevent the onset of VF. After activation of the
impedance reducing gel, the portable treatment controller
proceeds to state 445.

[0053] In state 445, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the patient
and based on that monitoring, makes a determination as to
whether to administer a relatively low-level shock (e.g., 1
mAto 20 mA) to the body of the patient in an attempt to treat
VT and to return the patient to a perfusing rhythm, to apply
pacing to the body of the patient in an attempt to gain control
of the patient’s heart, or both. The pacing that may be
applied to the heart of the patient in state 445 may include
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pacing the heart of a patient at a fixed rate and fixed energy,
or pacing the heart of the patient using an adjustable rate
and/or energy level (e.g., capture management pacing), such
as overdrive pacing. In overdrive pacing, a series of pacing
pulses (e.g., between about 5 and 10 pacing pulses) are
delivered to the patient at a frequency above the detected
intrinsic heart rate of the patient in an effort to gain control
of the patient’s heart rate, and which once in control of the
patient’s heart rate, the rate (i.e., the frequency) of the pulses
are decremented until the detected intrinsic cardiac rate of
the patient is at or below a typical heart rate of the patient.
In response to determining that the low-level shock and/or
pacing administered in state 445 is effective at returning the
patient’s heart to a perfusing rhythm, the portable treatment
controller returns to state 400. Alternatively, in response to
determining that the low-level shock and or pacing is not
successful, and the patient degrades to VF, the portable
treatment controller proceeds to state 455.

[0054] In response to determining in any of states 405,
425, or 445 that the detected cardiac arrhythmia corresponds
to VE, the portable treatment controller proceeds to state
455. In state 455, the one or more capacitors are fully
charged and capable of delivering one or more defibrillating
shocks to the body of the patient and the portable treatment
controller continues to monitor the ECG signals obtained
from the body of the patient. The portable treatment con-
troller sends a communication (e.g., cellular or wireless) via
the communication network interface 206 (FIG. 2) to alert
an emergency responder as to the status and location of the
patient. In state 455, the portable treatment controller addi-
tionally determines AMSA values indicative of the meta-
bolic state of patient’s heart. As described previously, the
determination of AMSA values may be based on time
domain samples of the patient’s ECG signals that are
transformed to the frequency domain, for example, using an
FFT transform, by a processor of the portable treatment
controller, such as a DSP processor. In accordance with an
aspect of the present technology, the AMSA values may be
determined over a time window of approximately one to six
seconds. Dependent upon the AMSA values determined by
the portable treatment controller in state 455, and how the
AMSA values change over time, the operation of the por-
table treatment controller may vary. For example, in
response to determining that the patient’s AMSA values are
relatively high (about 21 mV*Hz or more) and reflect high
metabolic state of the heart of the patient and a high
probability of successful defibrillation, the portable treat-
ment controller proceeds to state 460. In response to deter-
mining that the patient’s AMSA values are low (below about
10 mV*Hz or more) and reflect a low metabolic state of the
heart of the patient and a low probability of successful
defibrillation, the portable treatment controller proceeds to
state 475. In response to determining that the patient’s
AMSA values are intermediate (between approximately 10
mV*Hz and 20 mV*Hz), the portable treatment controller
proceeds to state 470.

[0055] In state 460, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the body of
the patient and determines updated AMSA values indicative
of the metabolic state of patient’s heart. The portable treat-
ment controller activates the impedance reducing gel dis-
pensing mechanism that is operatively coupled to the
therapy electrodes in preparation for the administration of a
defibrillating shock (if it has not been previously activated in
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state 435), and issues instructions to the patient and any
bystanders that may be present. The instructions can include,
for example, audible instructions that are communicated to
the patient and any bystanders via a speaker on the portable
treatment controller 120, the user interface pod, and/or the
associated watch 145. The instructions can also include
textual messages displayed on a visual display screen of the
portable treatment controller, the associated watch, or com-
puter-enabled glasses. The instructions can be configured,
for example, to request the patient to provide a particular
response, such as to press and hold one or more response
buttons on the user interface pod, the portable treatment
controller 120, or the associated watch 145, to indicate
whether they are conscious. The instructions can also be
configured to alert any bystanders not to provide the
response and to move away from the patient because defi-
brillation is imminent. The portable treatment controller sets
a timer (e.g., 10 seconds) to await a response from the
patient, and proceeds to state 465.

[0056] In state 465, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the patient
and determines updated AMSA values. In response to detetr-
mining that the updated AMSA values have not changed
(i.e., declined) appreciably from those determined in states
455 and 460, the portable treatment controller may await the
requested response from the patient, analyze other signals
that may be indicative of the consciousness or lack of
consciousness of the patient and expiration of the timer
before proceeding to state 485. Alternatively, if the AMSA
values determined in state 465 have decreased appreciably
(e.g., by about 10% or more) from those determined in state
460, the requested response has not been received by the
patient, and other signals (such as information from one or
more accelerometers) are indicative of a lack of conscious-
ness, or signals from other sensors such as EMG sensors
indicate the presence of a seizure (often a precursor to a lack
of consciousness), the portable treatment controller proceeds
immediately to state 485 and does not await expiration of the
timer.

[0057] In state 485, the portable treatment controller
administers a defibrillating shock to the body of the patient.
After administration of the defibrillating shock in state 485,
the portable treatment controller may return to state 400 if it
is determined that the defibrillation was successful. How-
ever, dependent on AMSA values, the portable treatment
controller may instead deliver another defibrillating shock.
For example, if AMSA values were at a relatively high level
prior to defibrillation, and the defibrillation shock does not
appear to have been effective, the portable treatment con-
troller may deliver another defibrillating shock within as
little as 10 seconds or less after the initial defibrillating
shock. The is because although it may take as much as 40-45
second to determine whether a defibrillating shock was
successful, it takes significantly less time to determine
whether a defibrillating shock was not successful.

[0058] In response to determining in state 455 that the
patient’s AMSA values are low (below about 10 mV*Hz or
more), the portable treatment controller proceeds to state
475, wherein the portable treatment controller activates the
impedance reducing gel dispensing mechanism (if it has not
been previously activated in state 435) that is operatively
coupled to the therapy electrodes in preparation for the
administration of a defibrillating shock. Because the deter-
mined low AMSA values reflect a relatively low probability
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of survival and a defibrillation shock may be the patient’s
best chance at survival, the portable treatment controller
then proceeds immediately to state 485 in an attempt to save
the life of the patient, wherein the portable treatment con-
troller administers a defibrillating shock to the body of the
patient. In the event that the defibrillating shock is not
successful, the portable treatment controller proceeds to
state 470.

[0059] In some embodiments, the portable treatment con-
troller need not proceed immediately to state 485 after
deploying the impedance reducing gel in state 475. For
example, in response to determining that the patient’s
AMSA values are low, but near the higher end of the scale
(e.g., between 8-10 mV*Hz or so0), the portable treatment
controller may optionally proceed to state 477. In state 477,
the portable treatment controller may continue to monitor
the ECG signals obtained from the patient and apply pacing
to the body of the patient in an attempt to gain control of the
patient’s heart. The pacing that may be applied to the heart
of the patient in state 477 may include pacing the heart of a
patient at a fixed rate and fixed energy, or pacing the heart
of the patient using an adjustable rate and/or energy level
(e.g., capture management pacing), such as described pre-
viously. In response to determining that the pacing was not
successful, the portable treatment controller proceeds to
state 485.

[0060] Alternatively, in response to determining in state
455 that the patient’s AMSA values are intermediate (be-
tween approximately 10 mV*Hz and 20 mV*Hz), but not
indicative of a high probability of success, the portable
treatment controller proceeds to state 470. In state 470, the
portable treatment controller continues to monitor the ECG
signals obtained from the body of the patient and determines
updated AMSA values indicative of the metabolic state of
patient’s heart. The portable treatment controller also issues
instructions, such as by a textual message on a visual display
screen of the portable treatment controller or the associated
watch, and audible instructions to any proximate bystanders,
to perform CPR on the patient in an effort to improve the
metabolic state of the patient’s heart so that defibrillation is
more likely to be effective. After issuing the instructions to
perform CPR on the patient, the portable treatment control-
ler proceeds to state 480.

[0061] In state 480, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the body of
the patient and determines updated AMSA values indicative
of the metabolic state of patient’s heart. The portable treat-
ment controller also monitors signals, such as those pro-
vided by the one or more accelerometers provided on the
wearable treatment device, to determine whether CPR is
being administered to the patient. In the event that the
portable treatment controller determines that CPR is being
administered to the patient, the portable treatment controller
may continue to monitor the ECG signals and continue to
determine AMSA values to detect whether the administra-
tion of CPR is having a beneficial effect. In the event that the
CPR is having a beneficial effect, the portable treatment
controller may continue to monitor the ECG signals and
determine updated AMSA values until the probability of
successful defibrillation (as indicated by the updated AMSA
values) increases to a point where defibrillation is likely to
be successful. In response to determining that defibrillation
has a sufficiently high probability of success, the portable
treatment controller may instruct the bystander to discon-
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tinue CPR and move away from the patient, so that the
impedance reducing gel may be deployed in state 475 and a
defibrillation shock administered in state 485. Alternatively,
in response to determining by the portable treatment con-
troller that CPR is not being administered to the patient, the
portable treatment controller may proceed immediately to
states 475 and 485.

[0062] Although the ability to use additional metrics of the
metabolic state of a patient’s heart, such as AMSA values, to
vary the type of therapy, and the timing of that therapy is
particularly well suited to a non-invasive, ambulatory medi-
cal monitoring and treatment device, such as the LifeVest®
cardioverter defibrillator, such functionality could also be
implemented in an Automated External Defibrillator (AED)
or an Advanced Life Support (ALS) type of defibrillator,
such as the M Series defibrillator, R Series ALS defibrillator,
R Series Plus defibrillator, or E Series defibrillator manu-
factured by the ZOLL Medical Corporation of Chelmsford
Mass.

[0063] In the above described embodiments, AMSA val-
ues are determined over a window of time of approximately
one to six seconds. The determined AMSA values are
generally indicative of the metabolic state of the patient’s
heart, with higher AMSA values reflecting a better metabolic
state. However, in other embodiments, AMSA values may
be determined over a shorter period of time, such as a
window of time of two seconds, or even one second. Such
windows of time may be successive windows of time that do
not overlap with one another, or they may be overlapping
windows of time in which one window overlaps in time with
a successive window by, for example, approximately 200
milliseconds. Even if AMSA values determined over such
shorter windows of time are not adequately indicative of the
metabolic state of a patient’s heart, they can be used in
predicting whether an intervention, such as defibrillation,
might be successful at restoring a perfusing cardiac rhythm.
In particular, AMSA values determined over a shorter win-
dow of time can be used to determine when to apply the
intervention to the body of the patient to increase the
probability of restoring a perfusing cardiac rhythm.

[0064] In asecond set of experiments, ECG data from the
above experiments was again analyzed using a variety of
different ECG analysis techniques. A spectral analysis of the
VF waveforms obtained from the ECGs of the approxi-
mately fifteen patients that initially exhibited VT and which
then degraded into VF was again performed, and AMSA
values were determined. However, the AMSA values deter-
mined in the second set of experiments were determined
over progressively shorter windows of time. In the second
set of experiments, as the window of time over which the
AMSA values were determined became progressively
shorter, the variation in AMSA value from one window to
the next became more pronounced. Based on the second set
of experiments, Applicants identified that during early stages
of VF, AMSA values determined over a window of time of
approximately one second changed significantly from one
window to the next. When the AMSA values obtained over
successive windows of time were analyzed over a period of
time of about six seconds or more, the variation in AMSA
values exhibited a generally sinusoidal shape, increasing and
then decreasing in value in a periodic manner. In analyzing
the AMSA values of those patients in which defibrillation
was successful relative to those in which defibrillation was
not successful, Applicants determined that defibrillation was
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successful at restoring a perfusing cardiac rhythm when the
defibrillation was applied at a time corresponding to locally
maximum AMSA values, as opposed to other times, and in
particular, as opposed to times corresponding to locally
minimum AMSA values.

[0065] In accordance with a further aspect of the present
technology, AMSA values determined over various length
windows of time may be used to determine whether the
application of electrical therapy, such as defibrillation, can
be expedited or delayed. In response to determining that
electrical therapy can be applied, it is determined when such
electrical therapy can be applied to the patient to increase the
probability of a successful intervention. For example,
AMSA values determined over a window of approximately
one to four seconds may be used to determine whether to
expedite or delay the application of electrical therapy.
AMSA values determined over a smaller window of
approximately one second may be used to identify when to
apply that electrical therapy to increase the probability of
successful intervention.

[0066] FIG. 5 is a state diagram showing the various states
of operation of a non-invasive ambulatory monitoring and
treatment device in accordance with another embodiment of
the present technology. The various states shown in FIG. 5
generally correspond to similar states described above with
respect to FIG. 4, and are designated by similar reference
numerals (e.g., state 505 in FIG. 5 corresponds to state 405
in FIG. 4, state 555 in FIG. 5 corresponds to state 455 in
FIG. 4, etc.) Accordingly, those states of operation that are
similar to those described previously with respect to FIG. 4
are described only briefly herein.

[0067] As in the embodiment described with respect to
FIG. 4, the various states of operation of the monitoring and
treatment device of the embodiment also consider additional
information, such as AMSA values of the VF waveform to
determine whether to hasten or delay the application of a
defibrillating shock to the patient. As in the embodiment
described with respect to FIG. 4, such AMSA values are
determined over a relatively long window of time, such as
two seconds, and are generally indicative of the metabolic
state of the patient’s myocardium. However, various states
of operation of the embodiment further determine AMSA
values over shorter windows of time, and use those AMSA
values to identify when electrical therapy can be applied.
[0068] In state 500, which is the normal operating state of
the device, the portable treatment controller monitors, ana-
lyzes, and records ECG signals obtained from the body of
the patient. As noted previously, the analysis generally
includes QRS signal detection based upon digitized ECG
signals, analyzing the morphology of the detected QRS
signals and the patient’s heart rate, axis analysis of patient’s
heart, and the spectral analysis of various frequency com-
ponents of patient’s ECG signals. In response to determining
that a cardiac arrhythmia is detected in state 500, the medical
monitoring and treatment device proceeds to state 505
wherein the portable treatment controller notifies the patient,
and any bystanders, that it has detected a cardiac arrhythmia.
The notification can be audible, verbal, written (e.g., a
textual message displayed on a visual display screen of the
portable treatment controller, the associated watch or com-
puter-enabled glasses), tactile, or all of the above.

[0069] In state 505, the portable treatment controller also
activates a treatment component in preparation for providing
one or more defibrillating shocks to the body of the patient.



US 2018/0055442 Al

As previously described, the generally includes charging of
one or more capacitors to a level sufficient to provide one or
more defibrillating shocks to the body of the patient via the
therapy delivery interface 202 and the therapy electrodes
114. In state 505, the portable treatment controller continues
to monitor the ECG signals obtained from the patient, and
also makes a determination as to whether the detected
cardiac arrhythmia corresponds to a treatable type of VT, or
to VF. In response to determining that the detected cardiac
arrhythmia corresponds to a treatable type of VT, the por-
table treatment controller proceeds to state 515. In response
to determining that the detected type of cardiac arrhythmia
corresponds to VF, the portable treatment controller pro-
ceeds to state 555. In response to determining in state 505
that the cardiac arrhythmia is no longer present, the portable
treatment controller returns to state 500.

[0070] In state 515 the portable treatment controller con-
tinues to monitor the ECG signals obtained from the patient,
and in response to determining that the detected cardiac
arrhythmia corresponds to a treatable type of VT, the por-
table treatment controller issues another notification to the
patient and any proximate bystanders. As noted previously,
the notification can be provided at a significantly increased
intensity (e.g., volume level and/or vibration level), in an
attempt to terminate VT. In response to determining that the
notification is successful in returning the patient to perfusing
cardiac rhythm, the portable treatment controller returns to
state 500. Alternatively, in response to determining that the
notification does not return the patient to a viable perfusing
cardiac rhythm, the portable treatment controller proceeds to
state 525.

[0071] In state 525, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the patient
and again makes a determination as to whether the detected
cardiac arrhythmia corresponds to a treatable type of VT, or
to VF. In response to determining that the detected cardiac
arrhythmia still corresponds to a treatable type of VT, the
portable treatment controller proceeds to state 535. Alterna-
tively, in response to determining that the detected cardiac
arrhythmia has degraded from VT to VF the portable treat-
ment controller proceeds to state 555.

[0072] In state 535, in response to determining that the
detected cardiac arrhythmia corresponds to a treatable form
of VT, the portable treatment controller continues to monitor
the ECG signals obtained from the body of the patient and
activates the impedance reducing gel dispensing mechanism
that is operatively coupled to the therapy electrodes in
preparation for the administration of a low-level shock
configured to terminate VT, or the administration of external
pacing. The portable treatment controller then proceeds to
state 545.

[0073] In state 545, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the patient
and based on that monitoring, makes a determination as to
whether to administer a relatively low-level shock (e.g., 1
mA to 20 mA) to the body of the patient in an attempt to
terminate VT and to return the patient to a perfusing rhythm,
to apply pacing to the body of the patient in an attempt to
gain control of the patient’s heart, or both. As described
previously, the pacing applied in state 445 may include
pacing the heart of a patient at a fixed rate and fixed energy,
or pacing the heart of the patient using an adjustable rate
and/or energy level (e.g., capture management pacing), such
as overdrive pacing. In response to determining that the
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low-level shock and/or pacing was effective at returning the
patient’s heart to a perfusing rhythm, the portable treatment
controller returns to state 500. Alternatively, in response to
determining that the low-level shock and or pacing was not
successful, and the patient degrades to VF, the portable
treatment controller proceeds to state 555.

[0074] In response to determining in any of states 505,
525, or 545 that the detected cardiac arrhythmia corresponds
to VE, the portable treatment controller proceeds to state
555. In state 555, the portable treatment controller continues
to monitor the ECG signals obtained from the body of the
patient and sends a communication (e.g., cellular or wire-
less) via the communication network interface 206 (FIG. 2)
to alert an emergency responder as to the status and location
of the patient. The portable treatment controller additionally
determines AMSA values indicative of the metabolic state of
patient’s heart. As described previously, the determination of
AMSA values may be based on time domain samples of the
patient’s ECG signals obtained over a time window of
approximately two seconds that are transformed to the
frequency domain, for example, using an FFT transform, by
a processor of the portable treatment controller, such as a
DSP processor. Dependent upon the AMSA values deter-
mined by the portable treatment controller in state 555, and
how the AMSA values change over time, the operation of the
portable treatment controller may vary. For example, in
response to determining that the patient’s AMSA values are
relatively high (about 21 mV*Hz or more), the portable
treatment controller proceeds to state 560. Alternatively, in
response to determining that the patient’s AMSA values are
low (below about 10 mV*Hz or more), the portable treat-
ment controller proceeds to state 575. In response to deter-
mining that the patient’s AMSA values are intermediate
(between approximately 10 mV*Hz and 20 mV*Hz), the
portable treatment controller proceeds to state 570.

[0075] In state 560, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the body of
the patient and determines updated AMSA values indicative
of the metabolic state of patient’s heart. The portable treat-
ment controller activates the impedance reducing gel dis-
pensing mechanism (if it has not been previously activated
in state 535), and issues instructions to the patient and any
bystanders that may be present. As previously described, the
instructions can include, for example, audible instructions
that are communicated to the patient and any bystanders via
a speaker on the portable treatment controller 120, the user
interface pod, or the associated watch 145. The instructions
can also include textual messages displayed on a visual
display of the portable treatment controller, the associated
watch, or computer-enabled glasses. The instructions can be
configured to request the patient to provide a particular
response, such as to press and hold one or more response
buttons on the user interface pod, or on the portable treat-
ment controller 120 or the associated watch 145, to indicate
whether they are conscious. The instructions can also be
configured to alert any bystanders not to provide the
response and to move away from the patient because defi-
brillation is imminent. The portable treatment controller sets
a timer (e.g., 10 seconds) to await a response from the
patient, and proceeds to state 565.

[0076] In state 565, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the patient
and determines updated AMSA values. In response to deter-
mining that the updated AMSA values have not changed
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(i.e., declined) appreciably from those determined in states
555 and 560, the portable treatment controller may await the
requested response from the patient, analyze other signals
that may be indicative of the consciousness or lack of
consciousness of the patient and expiration of the timer
before proceeding to state 585. Alternatively, if the AMSA
values determined in state 565 have decreased appreciably
(e.g., by about 10% or more) from those determined in state
560, the requested response has not been received by the
patient, and other signals (such as information from one or
more accelerometers) are indicative of a lack of conscious-
ness, or signals from other sensors such as EMG sensors
indicate the presence of a seizure (often a precursor to a lack
of consciousness), the portable treatment controller proceeds
immediately to state 585 and does not await expiration of the
timer.

[0077] In state 585, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the patient
and determines AMSA values. However, in state 585, the
AMSA values are determined over much smaller windows
of time than those determined in states 555 and 565. In
accordance with an aspect of the present technology, the
AMSA values determined in state 585 are based on a
window of time of approximately one second in duration,
and AMSA values are successively determined for a period
of time of approximately six to eight seconds. The windows
of time over which the AMSA values are determined in state
585 may be successive windows of time that do not overlap
with one another, or they may be overlapping windows of
time in which one window overlaps in time with a succes-
sive window by, for example, approximately 200 millisec-
onds. In state 585, the portable treatment controller monitors
the AMSA values determined over successive windows (of
approximately one second in duration) to determine when a
defibrillation shock can be administered to the patient and
then applies defibrillation to the patient at that time.

[0078] As noted previously, during early stages of VF,
AMSA values determined over a window of time of approxi-
mately one second change from one window to the next in
a periodic manner having a generally sinusoidal shape when
viewed over a period of time of about six seconds or more.
Accordingly, in state 585 the portable treatment controller
monitors the AMSA values over successive windows to
predict the point in time when the AMSA value is at a locally
maximum value, and to apply defibrillation to the patient at
that point in time when the AMSA value is a local maximum.
The may be done in a number of different ways. For
example, in one embodiment, the portable treatment con-
troller determines a local minimum AMSA value over a
period of about six to eight seconds, and then applies
defibrillation when the AMSA values are trending upward,
and have a value that satisfies a threshold condition (e.g., is
50% greater than the local minima). In another embodiment,
the portable treatment controller can determine a local
maximum AMSA value over the period of about six to eight
seconds, and then apply defibrillation when the AMSA
values are trending upward, and have a value that satisfies a
threshold condition (e.g., is 75% of the local maxima). In yet
another embodiment, the portable treatment controller can
determine local maxima and minima AMSA values over the
period of about six to eight seconds, and then apply defi-
brillation when the AMSA values are trending upward, and
have a value that satisfies a threshold based on the deter-
mined AMSA values (e.g., is greater than the average of the
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local minima and the local maxima, is greater than a certain
percentage of the local minima, the local maxima, or a
combination of the local minima and the local maxima). In
some implementations, a combination of the different
approaches described above may be used to determine when
the AMSA values are trending upward and approaching a
local maximum, and to control the timing of the defibrilla-
tion to generally coincide with the local maximum to
increase the probability of successful defibrillation. Embodi-
ments of the present technology are not limited to any one
specific approach.

[0079] In state 585, after determining when defibrillation
can be applied to the body of the patient, the portable
treatment controller applies defibrillation to the patient at the
predicted time to increase the probability of successful
defibrillation. After administration of the defibrillating shock
in state 585, the portable treatment controller may return to
state 500 if it is determined that the defibrillation was
successful. However, dependent on AMSA values, the por-
table treatment controller may instead deliver another defi-
brillating shock as described previously with respect to FIG.
4.

[0080] In response to determining in state 555 that the
patient’s AMSA values are low (below about 10 mV*Hz or
more), the portable treatment controller proceeds to state
575, wherein the portable treatment controller activates the
impedance reducing gel dispensing mechanism (if it has not
been previously activated in state 535) in preparation for the
administration of a defibrillating shock. The portable treat-
ment controller then proceeds either directly to state 585, or
to state 577. For example, in response to determining that the
AMSA values are low, but near the higher end of the scale
(e.g., between 8-10 mV*Hz or so), the portable treatment
controller may proceed to state 577, wherein pacing may be
applied in the manner previously described. In response to
determining that the pacing performed in state 577 was not
effective, the portable treatment controller may then proceed
to state 585. Alternatively, in response to determining in
state 555 that the AMSA values of the patient are near the
lower end of the scale (e.g., 7 mV*Hz or less), the portable
treatment controller proceeds directly to state 585, as the
application of defibrillation may be the patient’s best chance
for survival. As noted previously, in state 585, the portable
treatment controller monitors AMSA values determined
over smaller windows of time to predict when to apply
defibrillation, and then applies the defibrillation at a time
when the patient’s AMSA values are trending toward a local
maximum value.

[0081] In response to determining in state 555 that the
patient’s AMSA values are intermediate (between approxi-
mately 10 mV*Hz and 20 mV*Hz), but not indicative of a
high probability of success, the portable treatment controller
proceeds to state 570. In state 570, the portable treatment
controller continues to monitor the ECG signals obtained
from the body of the patient and determines updated AMSA
values indicative of the metabolic state of patient’s heart.
The portable treatment controller also issues instructions,
such as by a textual message on a visual display screen of the
portable treatment controller or an associated watch, and
audible instructions to any proximate bystanders, to perform
CPR on the patient in an effort to improve the metabolic
state of the patient’s heart where defibrillation is more likely
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to be effective. After issuing the instructions to perform CPR
on the patient, the portable treatment controller proceeds to
state 580.
[0082] In state 580, the portable treatment controller con-
tinues to monitor the ECG signals obtained from the body of
the patient and determines updated AMSA values indicative
of the metabolic state of patient’s heart. The portable treat-
ment controller also monitors signals, such as those pro-
vided by the one or more accelerometers provided on the
wearable treatment device, to determine whether CPR is
being administered to the patient. In the event that the
portable treatment controller determines that CPR is being
administered to the patient, the portable treatment controller
may continue to monitor the ECG signals and continue to
determine AMSA values to detect whether the administra-
tion of CPR is having a beneficial effect. In the event that the
CPR is having a beneficial effect, the portable treatment
controller may continue to monitor the ECG signals and
determine updated AMSA values until the probability of
successful defibrillation (as indicated by the updated AMSA
values) increases to a point where defibrillation is likely to
be successful. In response to determining that defibrillation
has a sufficiently high probability of success, the portable
treatment controller may instruct the bystander to discon-
tinue CPR and move away from the patient, so that the
impedance reducing gel may be deployed in state 575 and a
defibrillation shock administered as described previously
with respect to state 585. Alternatively, in response to
determining by the portable treatment controller that CPR is
not being administered to the patient, the portable treatment
controller may proceed immediately to states 575 and 585.
[0083] In some implementations, other metrics associated
with the metabolic state of a patient’s heart can also be used
in various defibrillators, including defibrillators that are not
non-invasive, ambulatory, and bodily attached, such as an
Automated External Defibrillator (AED) or an Advanced
Life Support (ALS) type of defibrillator. AMSA values
obtained over varying windows of time can be used to vary
the type of therapy, and the timing of that therapy in such
defibrillators. For example, AMSA values determined over
successive smaller windows of time of about one second can
be used in making a determination about timing and type of
therapy in various commercially available defibrillators,
including, for example, the M Series defibrillators, R Series
ALS defibrillators, R Series Plus defibrillators, or E Series
defibrillators manufactured by ZOLL Medical Corporation
of Chelmsford Mass. In such defibrillators, defibrillation can
be applied to the patient, for example, at a time when AMSA
values are trending toward a local maximum to increase the
probability of successful defibrillation.
[0084] Having thus described several aspects of at least
one embodiment of the technology, it is to be appreciated
various alterations, modifications, and improvements can
readily occur to those skilled in the art. Such alterations,
modifications, and improvements are intended to be part of
the disclosure, and are intended to be within the scope of the
following claims.

What is claimed is:

1. An ambulatory medical monitoring and treatment
device comprising:

a power source;

a therapy delivery interface, coupled to the power source;

a plurality of therapy electrodes coupled to the therapy

delivery interface;
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a plurality of electrocardiogram (ECG) sensing electrodes

to sense ECG signal of a heart of a patient;

a sensor interface to receive and digitize the ECG signal,

and

at least one processor coupled to the sensor interface and

the therapy delivery interface, the at least one processor
configured to:
analyze the ECG signal, wherein the analysis com-
prises:
determining a metric based on an analysis of at least
one channel of the ECG signal, the metric being
indicative of a general viability of the heart or
indicative of chances of success of a therapeutic
intervention to reduce cardiac arrhythmia,
detect a cardiac arrhythmia based on the analysis of the
ECG signal, and
control the therapy delivery interface to apply electrical
therapy to the patient based upon the detected car-
diac arrhythmia, wherein the controlling comprises
modifying a timing or choice of the therapeutic
intervention based upon the metric.

2. The device of claim 1, wherein the therapeutic inter-
vention comprises at least one of defibrillation, cardio-
pulmonary resuscitation (CPR), and pacing.

3-4. (canceled)

5. The device of claim 1, wherein the metric is determined
based on at least one of analyzing a plurality of channels of
the ECG signal, a transform-based analysis of the ECG
signal, and time domain measurements

6-8. (canceled)

9. The device of claim 3, wherein the metric is median
slope.

10. The device of claim 3, wherein the transform is one of:
a Fourier transform, a wavelet transform, or a Hilbert
transform.

11. The device of claim 1, wherein the metric comprises
an area of an amplitude spectrum of ventricular fibrillation
waveforms obtained from a frequency domain transform of
the digitized ECG signal.

12. The device of claim 1, wherein the metric is deter-
mined over a window of time of 100 milliseconds to twenty
seconds.

13. The device of claim 12, wherein the at least one
processor accelerates the application of the electrical therapy
to the patient in response to the metric indicating general
viability of the heart or a threshold probability of success of
the therapeutic intervention to reduce cardiac arrhythmia.

14. The device of claim 12, wherein the at least one
processor delays the application of the electrical therapy to
the patient in response to the metric indicating an absence of
general viability of the heart or a low chance of success of
the therapeutic intervention to reduce cardiac arrhythmia.

15. The device of claim 12, further comprising a user
interface coupled to the at least one processor, wherein the
at least one processor is further configured to issue instruc-
tions via the user interface requesting CPR be performed on
the patient in response to the metric indicating the absence
of general viability of the heart or the low chance of success
of the therapeutic intervention to reduce cardiac arrhythmia.

16. The device of claim 15, wherein the at least one
processor further delays the application of electrical therapy
to the patient in response to a determination that CPR is
being performed on the patient.
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17. The device of claim 1, wherein the at least one
processor is further configured to determine a first metric
indicative of the general viability of the heart or the chances
of success of a therapeutic intervention to reduce cardiac
arrhythmia during a first time period, to determine a second
metric indicative of the general viability of the heart or the
chances of success of a therapeutic intervention to reduce
cardiac arrhythmia of the patient during a second time
period that is subsequent to the first time period, to compare
the first metric to the second metric, and to accelerate the
application of the electrical therapy to the patient in response
to the second metric being less than the first metric by a
threshold amount.

18. The device of claim 1, wherein the metric is deter-
mined for a first period of time, and at least one second
period of time that is shorter than the first period of time to
determine when the electrical therapy is to be applied to the
patient.

19. The device of claim 18, wherein the first period of
time is approximately four seconds, and each second period
of time is approximately 200 milliseconds.

20. The device of claim 19. wherein the at least 200
milliseconds period of time comprises successive overlap-
ping windows.

21. The device of claim 20, wherein the at least one
processor is further configured to apply the electrical therapy
to the patient at time corresponding to a local maxima of the
area of the amplitude spectrum of the ventricular fibrillation
waveform.
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22. The device of claim 1, wherein the metric is deter-
mined over multiple intervals of time, and the device is
configured to control the therapy delivery interface to apply
defibrillation to the patient at a time corresponding to a local
indicia of the sequence of determined values of the metric.

23-24. (canceled)

25. The device of claim 22, wherein the intervals are at
least one of successive, at least partially overlapping and
consecutive.

26-27. (canceled)

28. The device of claim 22, wherein the intervals are 100
milliseconds to 1 second in duration.

29-30. (canceled)

31. The device of claim 22, wherein the indicia is based
on a first, second or higher order derivative or difference of
the sequence of determined values of the metric.

32. (canceled)

33. The device of claim 22, wherein the at least one
processor determines the local indicia of the sequence of
determined values of the metric over the plurality of suc-
cessive windows of time and controls the therapy delivery
interface to apply defibrillation to the patient when the most
recent determined value of the metric differs from the local
indicia by more than a predetermined amount.

34-43. (canceled)
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