(19)

US 20130053649A1

a2y Patent Application Publication (o) Pub. No.: US 2013/0053649 A1

United States

Elghazzawi et al.

43) Pub. Date: Feb. 28, 2013

(54)

(75)

(73)

21)
(22)

(60)

DEFIBRILLATOR INCLUDING LIGHT
SENSOR

Inventors: Ziad F. Elghazzawi, Newton, MA (US);

Jing Pan, Newton, MA (US)

Assignee: ZOLL MEDICAL CORPORATION,

Chelmsford, MA (US)
13/555,439

Jul. 23, 2012

Related U.S. Application Data

Provisional application No. 61/527,663, filed on Aug.
26, 2011.

Appl. No.:
Filed:

Publication Classification

(51) Int.CL
AGIN 1/39 (2006.01)
AGIB 5/00 (2006.01)
(52) US.CL oo 600/300; 607/5
(57) ABSTRACT

Systems and methods related to the field of cardiac resusci-
tation, and in particular to devices for assisting rescuers in
performing cardio-pulmonary resuscitation (CPR) are
described herein.

/

.

( )
(
s ~N |CHARGE||ANALYZE|
NP 128 | Spo2 ECG 72 —
X 80 [ X o7 C\K ! ENERGY
' SELECT
T O
(,W
52 54~ o6 60
co2
m Depth 1.8
Rate 154\ PRI |:|
L 587 _J
L 0 o D
L e,




US 2013/0053649 A1

Feb. 28,2013 Sheet1 of 8

Patent Application Publication

Vi Old

- . i1 1] e peubis 903
o as|nd
¥z P Jojenuquep
]
9\ \
oL e m
Sze P B
.\ /\\
; | spes| 903
7 U

~-JO}BUIXQ

WA

Y
% 4

LN/ 1enosay

J



US 2013/0053649 A1

Feb. 28,2013 Sheet 2 of 8

Patent Application Publication

C

Old

103138

ADY3INT
oos] €]

09

d4IN

HIMAVIN
3000

AIVYINNNS O

NO ¥3DdVHO AJ

0000

. 8G

J

/#m | 8jey

\ g'L ydeQ

c00

H3qHO0T

aNadsns
NHVIY

EVAN

IZATYNY H JOHVYHO

av4i

\S

"

oG

! N pG 4]

oz sy X
X[ 6 X| ¢8 X
Z. X OWN \oNOQw 82l ddIN

N




Patent Application Publication  Feb. 28, 2013 Sheet 3 of 8 US 2013/0053649 A1l

62
During chest compressions, measure | J

depth, rate, and release of CPR
compressions

! 64

Determine whether the rescuer is fully |/
releasing during chest compressions

'
Display release indicator providing an 66
indication of whether the rescuer is fully |/
releasing with the CPR and ECG
information

FIG. 3



Patent Application Publication  Feb. 28, 2013 Sheet 4 of 8 US 2013/0053649 A1l

NIBP 128 Sp02% | ECGII x1 72
X g9 | K o7 | X
)g 48 26RR
70
CO2 -
Depth 1.8
Rate 154
FIG. 4A
NIBP 128 Sp02% | ECGII x1 72
K g9 | X 97 | X
)g 48 26RR
72
CO2 ,/ ~
Depth 1.8
Rate 154 koo
Release PPI

FIG. 4B



Patent Application Publication  Feb. 28, 2013 Sheet 5 of 8 US 2013/0053649 A1l

FIG. 5




US 2013/0053649 A1

Feb. 28,2013 Sheet 6 of 8

Patent Application Publication

d/ Ol V. 'Old

06

06 15940 S, WIDIA

98

98
7ww‘_owcow 14617 7 88,0susag JybI 7

¢6

SpuBy Jonosay \ 44//

26 Spuey Janosoy /




Patent Application Publication  Feb. 28, 2013 Sheet 7 of 8 US 2013/0053649 A1l

112 S | G 116

FIG. 8A | 5 -

114 ~—

’
Hf 120
_______ «""”'"ﬂ\f

=T - L

N

Yo

’\;i/

FIG. 8B i-f
i

FIG. 8c




US 2013/0053649 A1

Feb. 28,2013 Sheet 8 of 8

Patent Application Publication

dol "Old

VOl Old

06
98 9 ISVES
aAnoeden
Z6 Spuey Jonosay

06 1S90 S,WNDIA
98 /9 JOSUBS
7 annpeden
Z6 spuey Jonosay




US 2013/0053649 Al

DEFIBRILLATOR INCLUDING LIGHT
SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a utility of U.S. Provisional Application Ser.
No. 61/527,663 filed Aug. 26, 2011. All subject matter set
forth in the above referenced application is hereby incorpo-
rated by reference into the present application as if fully set
forth herein.

TECHNICAL FIELD

[0002] This document relates to cardiac resuscitation, and
in particular to systems and techniques for assisting rescuers
in performing cardio-pulmonary resuscitation (CPR).

BACKGROUND

[0003] The heart relies on an organized sequence of elec-
trical impulses to beat effectively. Deviations from this nor-
mal sequence is known as arrhythniia. Certain medical
devices include signal processing software that analyzes elec-
trocardiography (ECG) signals acquired from a medical
patient (e.g., a victim at a scene of an emergency) to deter-
mine when a cardiac arrhythniia such as ventricular fibrilla-
tion (VF) or shockable ventricular tachycardia (VT) exists.
These devices include automated external defibrillators
(AEDs), ECG rhythm classifiers, and ventricular arrhythmia
detectors. An AED is a defibrillator—a device that delivers
controlled electrical shock to a patient—while being rela-
tively easy to use, such as by providing verbal prompts to a
provider of care to “talk” the provider through a process of
evaluating a patient for, attaching the patient to, and activat-
ing, AED therapy. Certain of the medical devices just dis-
cussed are also capable of recognizing different cardiac
waveforms such normal sinus rhythm, aystole, VT and VF.
[0004] Many AEDs implement algorithnis to recognize the
VT and VF waveforms by performing ECG analyses at spe-
cific times during a rescue event of a patient using defibrilla-
tion and cardio-pulmonary resuscitation (CPR). The first
ECG analysis is usually initiated within a few seconds after
the defibrillation electrodes are attached to the patient. Typi-
cally, if the ECG analysis detects a shockable rhythni, the
rescuer is advised to deliver a defibrillation shock.

[0005] Following the defibrillator shock delivery or when
any of the analyses described above detects a non-shockable
rhythni, treatment protocols recommended by the American
Heart Association and FEuropean Resuscitation Council
require performing CPR on the victim for a period of two
minutes. The CPR includes rescue breathing and chest com-
pressions. Following this period of CPR, the AED reinitiates
ECG analysis as described above. The sequence of one ECG
analysis/defibrillation shock followed by 2 minutes of CPR
continues in a repetitive fashion for as long as the AED’s
power is turned on and the patient is connected to the AED
device. Typically, the AED provides audio prompts to inform
the rescuer when analyses are about to begin, what the analy-
sis results were, and when to start and stop the delivery of
CPR.

[0006] Many studies have reported that the discontinuation
of precordial compression can significantly reduce the recov-
ery rate of spontaneous circulation and 24-hour survival rate
for victims. Thus, it is useful to recognize abnormal heart
rhythms during chest compressions. There is recent clinical
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evidence showing that performing chest compressions before
defibrillating the patient under some circumstances can be
beneficial. Specifically, it is clinically beneficial to treat a
patient with chest compressions before defibrillation if the
response times of the medical emergency system result in a
delay of more than four minutes, such that the patient is in
cardiac arrest for more than four minutes. Chest compression
artifact rejection can employ spectral analysis of the ECG,
defibrillation success prediction, and therapeutic decision-
making typically specify a set of parameters in the ECG
frequency spectrum to be detected. For example, U.S. Pat.
No. 5,683,424 compares a centroid or a median frequency or
a peak power frequency from a calculated frequency spec-
trum of the ECG to thresholds to determine if a defibrillating
shock is necessary.

SUMMARY

[0007] In some aspects, a method for providing adaptive
Cardiopulmonary Resuscitation (CPR) treatment to a person
in need of emergency assistance includes obtaining, by a
computing unit, from an accelerometer positioned to move in
coordination with a patient’s breastbone values for depths of
a plurality of the chest compressions. The method also
includes obtaining, by a computing unit, from a light sensor
affixed to the patient information about light detection. The
method also includes determining, based on the information
from the light sensor, whether a rescuer is releasing the chest
of a patient during manual CPR chest compressions. The
method also includes providing feedback to a rescuer about
chest compressions performed by the rescuer based at least in
part on the values for the depths of the plurality of the chest
compressions and the determination of whether the rescuer is
releasing the chest of the patient.

[0008] Embodiments can include one or more of the fol-
lowing.
[0009] Determining whether the rescuer is releasing the

chest of a patient during manual CPR chest compressions can
include determining a frequency at which light is detected by
the light sensor, comparing the determined frequency with a
compression rate obtained from the accelerometer, and deter-
mining that the rescuer is not releasing the chest of a patient
if the determined frequency at which light is detected by the
light sensor is less than the compression rate obtained from
the accelerometer.

[0010] Providing the feedback to the rescuer about chest
compressions can include displaying on a graphical display
screen of a defibrillator, an indication of the depths of one or
more of the plurality of the chest compressions, the rate of the
chest compressions, and a release indicator.

[0011] Providing the feedback to the rescuer about chest
compressions can include displaying a release indicator
where the amount of fill in the release indicator varies to
indicate whether the rescuer is fully releasing between chest
compressions.

[0012] Providing the feedback to a rescuer about chest
compressions can include displaying an icon that indicates
whether the chest compressions are being performed prop-
erly.

[0013] The method can also include receiving information
about the patient’s heart activity and displaying on a graphical
display, with the feedback about chest compressions, an elec-
trocardiogram of the patient.

[0014] The computing unit can be integrated with a por-
table defibrillator.
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[0015] The computing unit can be a touchscreen tablet
computer.
[0016] Insome aspects, an external defibrillator includes a

light sensor arranged to contact a patient and obtain measure-
ments regarding light detection, a computing unit connected
to memory that stores computer instructions for determining,
based on the information from the light sensor, whether a
rescuer is releasing the chest of a patient during manual CPR
chest compressions, and a video display screen for displaying
feedback to a rescuer about chest compressions performed by
the rescuer based at least in part on the determination of
whether the rescuer is releasing the chest of the patient.

[0017] Embodiments can include one or more of the fol-
lowing.
[0018] The computing unit can be configured to determine

whether the rescuer is releasing the chest of a patient during
manual CPR chest compressions by determining a frequency
at which a threshold amount of light is detected by the light
sensor, comparing the determined frequency with a compres-
sion rate obtained from an accelerometer, and determining
that the rescuer is not releasing the chest of a patient if the
determined frequency at which a threshold amount of light is
detected by the light sensor is less than the compression rate
obtained from the accelerometer.

[0019] The feedback to the rescuer about chest compres-
sions can include a release indicator.

[0020] An amount of fill in the release indicator can vary to
indicate whether the rescuer is fully releasing between chest
compressions.

[0021] The feedback to the rescuer about chest compres-
sions can include an icon that indicates whether the chest
compressions are being performed properly.

[0022] The external defibrillator can also include one or
more sensors configured to obtain information about the
patient’s heart activity.

[0023] The video display can be further configured to dis-
play an electrocardiogram of the patient with the feedback
about chest compressions.

[0024] In some additional aspects, a method for providing
adaptive Cardiopulmonary Resuscitation (CPR) treatment to
a person in need of emergency assistance includes obtaining,
by a computing unit, from an accelerometer positioned to
move in coordination with a patient’s breastbone values for
depths of a plurality of the chest compressions, obtaining, by
a computing unit, from a capacitive touch sensor affixed to the
patient information about contact with the sensor, determin-
ing, based on the information from the capacitive touch sen-
sor, whether a rescuer is releasing the chest of a patient during
manual CPR chest compressions, and providing feedback to
a rescuer about chest compressions performed by the rescuer
based at least in part on the values for the depths of the
plurality of the chest compressions and the determination of
whether the rescuer is releasing the chest of the patient.
[0025] Embodiments can include one or more of the fol-
lowing.

[0026] Determining whether the rescuer is releasing the
chest of a patient during manual CPR chest compressions can
include determining a frequency at which contact with the
capacitive touch sensor is detected based on the information
from the capacitive touch sensor, comparing the determined
frequency with a compression rate obtained from the accel-
erometer, and determining that the rescuer is not releasing the
chest of a patient if the determined frequency at contact is
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detected by the capacitive touch sensor is less than the com-
pression rate obtained from the accelerometer.

[0027] Providing the feedback to the rescuer about chest
compressions can include displaying on a graphical display
screen of a defibrillator, an indication of the depths of one or
more of the plurality of the chest compressions, the rate of the
chest compressions, and a release indicator.

[0028] Providing the feedback to the rescuer about chest
compressions can include displaying a release indicator
where the amount of fill in the release indicator varies to
indicate whether the rescuer is fully releasing between chest
compressions.

[0029] Providing the feedback to a rescuer about chest
compressions can include displaying an icon that indicates
whether the chest compressions are being performed prop-
erly.

[0030] The method can also include receiving information
about the patient’s heart activity and displaying on a graphical
display, with the feedback about chest compressions, an elec-
trocardiogram of the patient.

[0031] Insome additional aspects, an external defibrillator
includes a capacitive touch sensor arranged to contact a
patient and obtain measurements regarding contact with the
capacitive touch sensor, a computing unit connected to
memory that stores computer instructions for determining,
based on the information from the capacitive touch sensor,
whether a rescuer is releasing the chest of a patient during
manual CPR chest compressions, and a video display screen
for displaying feedback to a rescuer about chest compressions
performed by the rescuer based at least in part on the deter-
mination of whether the rescuer is releasing the chest of the
patient.
[0032]
lowing.
[0033] The computing unit can be configured to determine
whether the rescuer is releasing the chest of a patient during
manual CPR chest compressions by determining a frequency
at which a capacitance indicative of contact of a rescuer’s
hands with the capacitive touch sensor is detected by the
capacitive touch sensor, comparing the determined frequency
with a compression rate obtained from an accelerometer, and
determining that the rescuer is not releasing the chest of a
patient if the determined frequency at which a threshold
amount of light is detected by the light sensor is less than the
compression rate obtained from the accelerometer.

[0034] The feedback to the rescuer about chest compres-
sions can include a release indicator with an amount of fill in
the release indicator varying to indicate whether the rescuer is
fully releasing between chest compressions.

[0035] The feedback to the rescuer about chest compres-
sions can include an icon that indicates whether the chest
compressions are being performed properly.

[0036] Thedefibrillator can be further configured to receive
information about the patient’s heart activity and displaying
on a graphical display, with the feedback about chest com-
pressions, an electrocardiogram of the patient.

[0037] Other features and advantages will be apparent from
the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0038] FIG. 1A isa diagram of one implementation includ-
ing an automatic electronic defibrillator (AED) and a multiple
lead electrocardiograph (ECG) device.

Embodiments can include one or more of the fol-

[0039] FIG. 1B is a diagram of the AED of FIG. 1A.
[0040] FIG. 2 is a diagram of a defibrillation device with a
display.
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[0041] FIG. 3 is a flow chart showing actions taken to
provide a release indicator.

[0042] FIGS. 4A and 4B are screenshots showing exem-
plary information presented on a defibrillator display.
[0043] FIG. 5 is a diagram of defibrillation electrodes
attached to a victim.

[0044] FIGS. 6A and 6B are diagrams of a victim receiving
CPR.
[0045] FIGS. 7A and 7B are diagrams showing the place-

ment of the hands relative to a light sensor during the admin-
istration of CPR to a victim.

[0046] FIG. 8A shows an electrode package.

[0047] FIGS. 8B and 8C show defibrillation electrodes
prior to removal from a backing.

[0048] FIGS.9A and 9B are diagrams of a victim receiving
CPR.

[0049] FIGS. 10A and 10B are diagrams showing the
placement of the hands relative to a capacitance sensor during
the administration of CPR to a victim.

DETAILED DESCRIPTION

[0050] This description discusses systems and techmques
for providing feedback to a user/rescuer about the quality of
CPR chest compressions. In general, a defibrillation device
includes a light sensor attached to a patient or a CPR sensor
and configured to provide feedback to a rescuer about
whether the rescuer is appropriately releasing the chest of the
victim during chest compressions.

[0051] Referring now to FIG. 1A, an AED 10 is shown that
may be used to provide a defibrillation shock at an appropriate
time. In the figure, which shows an example implementation,
a rescuer uses an AED 10 to automatically monitor a victim
during cardiac resuscitation. The AED 10 uses measured
ECG signals to monitor the victim’s heart, and charges the
defibrillation device within the AED while the victim is resus-
citated using chest compressions techmques. In some
examples, the manner in which the defibrillation device is
charged (e.g., the rate of charge, the total amount of charge
stored) can be based on the measured ECG signals. Advanta-
geously, charging the defibrillation device during CPR chest
compressions reduces the amount of time that the victim is
not receiving chest compressions because, if a shockable
rhythm exists, the device is armed and ready to deliver the
shock as soon as the rescuer completes the chest compres-
sions.

[0052] AsshowninFIG.1B,the AED 10 includes a speaker
16, a display screen 18, an analog-to-digital converter 20, a
processor 22, and a defibrillator pulse generator 24. The ana-
log-to-digital converter 20 is connected to a set of ECG leads
that are in turn attached to the victim. The ECG leads pass
signals to the processor 22 for monitoring the electrical
rhythms of the victim’s heart. The converter 20 sends the
signals from the ECG leads to the processor 22. The processor
22 monitors the victim’s heart for dangerous rhythms using
the ECG signals while the victim is resuscitated using chest
compressions techniques.

[0053] Ifthe AED 10 detects a dangerous heart rhythm, the
AED 10 generates an alert signal. The alert signal is notice-
able to the rescuer. The AED 10 can generate a defibrillating
shock to the victim when the rescuer issues a command to the
AED 10 directing such a shock. The defibrillating shock is
intended to remedy the dangerous rhythm of the victim’s
heart.

Feb. 28,2013

[0054] The AED 10 also includes a charging module that
may be configured to charge the AED during chest compres-
sions. The module can adaptively charge the AED based on
monitored ECG signals and patient age. In some examples,
the defibrillator is pre-charged only if a shockable rhythm is
likely to exist as determined by analysis of the monitored
ECG signals. In some additional examples, the level of charge
for the device is determined and set based on the monitored
ECG signals. In some additional examples, the method of
charging (e.g., the rate of charge) varies based on the moni-
tored ECG signals in an effort to conserve power. For
example, if time allows, a capacitor may be charged more
slowly than it normally would in order to conserve power, but
still ensure that the capacitor will reach its full charge just as
the defibrillator is needed by the rescuer.

[0055] The AED 10 uses a rhythm advisory method for, a)
quantifying the frequency-domain features of the ECG sig-
nals; b) differentiating normal and abnormal ECG rhythms,
such as VF; ¢) detecting the onset of abnormal ECG rhythms;
and d) making decisions about the physiological states of the
heart. This frequency-domain measure can be reliable with or
without the presence of the chest compression artifact in the
ECG signals. The AED 10, after identifying the current physi-
ological state of the heart, can make a decision about appro-
priate therapeutic action for the rescuer to make and commu-
nicate the action to the rescuer using the speaker 16 and the
display screen 18.

[0056] The AED 10 may incorporate functionality for per-
forming additional therapeutic actions such as chest compres-
sions, ventilations, or delivery of intravenous solution-con-
taining metabolic or constitutive nutrients. Based on the
results of the analysis of the rhythm advisory method, the
AED 10 may automatically deliver the appropriate therapy to
the patient.

[0057] The AED 10 may also be configured in “advisory”
mode wherein the AED 10 will prompt the caregiver after the
AED 10 has made a determination of the best therapy, and
acknowledgement by the caregiver/device operator, in the
form of a button press or voice-detected acknowledgement, is
required before therapy is delivered to the patient.

[0058] The AED 10 analyzes the ECG signals to predict
defibrillation success as well as to decide whether it is appro-
priate to defibrillate or to deliver an alternative therapy such
as chest compressions, drugs such as epinephrine, constitu-
tive nutrients such as glucose, or other electrical therapy such
as pacing.

[0059] Insome examples, one or more therapeutic delivery
devices 30 automatically deliver the appropriate therapy to
the patient. The therapeutic delivery devices 30 can be, for
example, a portable chest compression device, a drug infu-
sion device, a ventilator and/or a device that includes multiple
therapies such as defibrillation, chest compression, ventila-
tion and drug infusion. The therapeutic delivery devices 30
are physically separate from the defibrillator AED 10, and
control of the therapeutic delivery devices 30 may be accom-
plished by a communications link 32. The communications
link 32 may take the form of a cable but preferably the link 32
is via a wireless protocol.

[0060] In other examples, control and coordination for the
overall resuscitation event and the delivery of the various
therapies may be accomplished by a device 34 or processing
element that is external to the AED 10. For instance, the
device 34 may download and process the ECG data from the
AED 10; analyze the ECG signals, perform relevant determi-
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nations like those discussed above and below based on the
analysis, and control the other therapeutic devices 30, includ-
ing the AED 10. In other examples, the AED 10 may perform
all the processing of the ECG, including analyzing the ECG
signals, and may transmit to the control device 34 only the
final determination of the appropriate therapy, whereupon the
control device 34 would perform the control actions on the
other linked devices 30.

[0061] Chest compression artifacts can be separated from
the ECG signal components, making it possible for the AED
10 to process the ECG signal without halting the processing
during chest compressions. Exemplary methods for analyz-
ing the ECG signal to determine if a shockable rhythm exists
are described, for example, in U.S. Pat. No. 7,565,194, titled
“ECG Rhythm Advisory Method,” the contents of which are
hereby incorporated by reference in their entirety.

[0062] Ithasbeenrecognized that good chest compressions
during CPR is essential to saving more victims of cardiac
arrest. The compression rate recommended by the American
Heart Association in its guidelines is equal or greater than 100
compressions per minute. Many studies have reported that the
discontinuation of chest compressions, such as is commonly
done for ECG analysis and charging of a defibrillator, can
significantly reduce the recovery rate of spontaneous circu-
lation and 24-hour survival rate. Because of safety issues with
delivery of a high voltage defibrillation shocks with voltages
of 1000-2000 volts, rescuers are taught to cease chest com-
pressions and remove their hands from the victim’s chest
before initiating the defibrillation shock. By analyzing ECG
signals during chest compressions as a mechanism to permit
earlier charging of an energy delivery device (e.g., a capaci-
tor) in a defibrillator device, the gaps in providing chest
compressions can be reduced, and patient care increased.
[0063] FIG. 2 shows a defibrillation device 50 with a dis-
play portion 52 that provides information about patient status
and CPR administration quality during the use of the defibril-
lator device. The data is collected and displayed in an efficient
and effective manner to a rescuer. As shown on display 52,
during the administration of chest compressions, the device
50 displays information about the chest compressions in box
54 on the same display as a filtered ECG waveform 51 and a
CO2 waveform 51 (alternatively a SpO2 waveform can be
displayed).

[0064] During chest compressions, the ECG waveform is
generated by gathering ECG data point and accelerometer
readings and filtering the motion induced (e.g., CPR induced)
noise from the ECG waveform. Measurement of velocity or
acceleration of chest compression during chest compressions
can be performed according to the techniques taught by U.S.
Pat. No. 7,220,335, Method and Apparatus for Enhancement
of Chest Compressions During Chest Compressions, the con-
tents of which are hereby incorporated by reference in their
entirety. Displaying the filtered ECG waveform helps clini-
cians reduce interruptions in CPR because the displayed
waveform is easier for the rescuer to decipher. If the ECG
waveform is not filtered, artifacts from manual chest com-
pressions make it difficult to discern the presence of an orga-
nized heart rhythm unless compressions are halted. Filtering
out this artifact allows clinicians to view the underlying
rhythm without stopping chest compressions.

[0065] As shown indisplay 50, the filtered ECG waveform
51 is a full length waveform filling the entire span of the
display device while the second waveform (e.g., the CO2
waveform 52) is a partial length waveform and fills only a
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portion of the display. A portion of the display beside the
second waveform provides the CPR information in box 54.
For example, the display splits the horizontal area for the
second waveform in half, displaying waveform 52 on left and
CPR information on the right in box 54.

[0066] The CPR information in box 54 is automatically
displayed when compressions are detected. The information
about the chest compressions displayed in box 54 includes
rate 58 (e.g., number of compressions per minute) and depth
56 (e.g., depth of compressions in inches or millimeters). The
rate and depth of compressions can be determined by analyz-
ing accelerometer readings. Displaying the actual rate and
depth data (in addition to or instead of an indication of
whether the values are within or outside of an acceptable
range) is believed to provide useful feedback to the rescuer.
For example, if an acceptable range for chest compression
depth is between 1.5-2 inches, providing the rescuer with an
indication that his/her compressions are only 0.5 inches can
allow the rescuer to determine how to correctly modify his/
her administration of the chest compressions.

[0067] The information about the chest compressions dis-
played in box 514 also includes a perfusion performance
indicator (PPI) 60. The PPI 60 is a shape (e.g., a diamond)
with the amount of fill in the shape differing to provide
feedback about both the rate and depth of the compressions.
When CPR is being performed adequately, for example, at a
rate of about 100 compressions/minute (CPM), with the depth
of each compression greater than 1.5 inches, the entire indi-
cator will be filled. As the rate and/or depth decreases below
acceptable limits, the amount of fill lessens. The PPI 60
provides a visual indication of the quality of the CPR such
that the rescuer can aim to keep the PPI 60 completely filled.
While some exemplary types of information displayed to the
rescuer have been described herein, additional information
about CPR quality and physiological parameters of the victim
can be displayed in conjunction with or instead of the infor-
mation described herein. For example, a release indication
can be displayed with other information about the CPR qual-
ity of measured physiological parameters. Exemplary dis-
plays and measurements are described, for example, in Ser.
No. 13/025,348 filed on Feb. 11, 2011 and entitled
“DEFIBRILLATOR DISPLAY” and in Ser. No. 13/081,217
field on Apr. 6, 2011 and entitled “WIRELESS VENTILA-
TOR REPORTING,” the contents of each of which are hereby
incorporated by reference.

[0068] In addition to measuring information about the rate
and depth of CPR chest compressions, in some examples the
defibrillator device provides information about whether the
rescuer is fully releasing his/her hands at the end of a chest
compression. For example, as a rescuer tires, the rescuer may
begin leaning on the victim between chest compressions such
that the chest cavity is not able to fully expand at the end of a
compression. If the rescuer does not fully release between
chest compressions the quality of the CPR can diminish. As
such, providing a visual or audio indication to the user when
the user does not fully release can be beneficial.

[0069] FIG. 3 is a flow chart showing actions taken to
provide an indication of whether a rescuer is fully releasing
between chest compressions. At box 62, the defibrillator
device measures depth, rate, and release of CPR chest com-
pressions. The depth, rate, and release of CPR chest compres-
sions can be determined based on information collected from
an accelerometer, light sensor, capacitive touch sensor, or
other devices. Based on the collected information, at box 64,
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the defibrillator determines whether the rescuer is fully
releasing between chest compressions. At box 66, the
defibrillator provides an indicator on a display that includes
information about whether the rescuer is fully releasing. For
example, the display on the defibrillator can include a release
indication box where the amount of fill in the box varies to
indicate whether the rescuer is fully releasing between chest
compressions. For example, as shown in FIG. 4A, when the
rescuer is fully releasing the box 70 can be fully filled. When
the rescuer is not fully releasing the amount of fill in the
release indication box is decreased such that the box is only
partially filled (e.g., as shown in box 72 of FIG. 4B).

[0070] In some examples, the depth and rate of CPR chest
compressions can be determined based on information col-
lected from an accelerometer while the release of the CPR
chest compressions can be based on information collected
from a light or capacitive touch sensor. For example, as shown
in FIG. 5, a CPR monitoring device 86 that includes a light
sensor or capacitive touch sensor 88 and an accelerometer can
be affixed to a victim’s chest at a location corresponding to the
location of the rescuer’s hands when delivering manual chest
compressions prior to the administration of CPR. The light
sensor measures light impinging on the sensor and provides
the information to a computing device in the defibrillator. The
defibrillator processes the information to determine whether
the rescuer’s hands are in contact with the light sensor 88.
More particularly, because the device 86 is affixed to the
victim’s chest or on top of the CPR sensor at a location
corresponding to the location of the rescuer’s hands when
delivering manual chest compressions, the presence or
absence of light detection by the light sensor 88 can be used
to determine whether the rescuer is fully releasing the chest of
the victim during the administration of chest compressions.

[0071] The light sensor 88 can be any device that is used to
detect light. Exemplary light sensors include photocells or
photoresistors that change resistance when light shines on it,
charged coupled devices (CCD) that transport electrically
charged signals, photomultipliers that detect light and multi-
ply it, and the like. Capacitive sensing is a technology based
on capacitive coupling between conductive or has a dielectric
different than that of air and the sensor. When the human
hands approaches or touches the capacitive sensor, this
detects this movement or touch of the hand and measure a
change in capacitance. The level of capacitance can be used
by the processor or device to determine whether the rescuer
hand is touching the capacitor sensor pad.

[0072] FIGS. 6A-B and 7A-B show exemplary light sensor
during CPR compressions. As shown in FIGS. 6A and 7A,
when therescuer’s hands 92 are raised away from the victim’s
chest and are not in contact with the victim’s chest 90 (e.g.,
when the rescuer releases from a compression), the light
sensor 88 is uncovered. Thus, when the rescuer’s hands are
raised away from the victim’s chest light 96 can reach the
light sensor 88 and the light sensor detects the presence of the
light 96. In contrast, as shown in FIGS. 6B and 7B, when the
rescuer’s hands 92 are in contact with the victim’s chest 90
(e.g., when the rescuer is providing a compression) the light
sensor 88 is covered. When the light sensor is covered, light is
not able to reach the light sensor 88. Thus, the presence and
absence of light measured by the light sensor can be used to
determine whether the rescuer is fully releasing his/her hands
from the victim’s chest 90; when light is detected the rescuer
has released and when light is not detected the rescuer is
maintaining physical contact with the victim.
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[0073] In some examples, the information from the light
sensor can be compared to CPR compression rate information
from the accelerometer to determine whether the user is
releasing the victim’s chest fully. More particularly, if the
rescuer is releasing the victim’s chest fully, light should be
observed by the light sensor for every compression. Thus, the
defibrillation device can determine a frequency at which a
threshold amount of light is detected by the light sensor and
compare the determined frequency with a compression rate
obtained from the accelerometer. If the determined frequency
from the light sensor is the same (or within an acceptable
range from) the compression rate obtained from the acceler-
ometer, the defibrillation device can determine that the res-
cuer is appropriately releasing the victim’s chest. On the other
hand, if the frequency from the light sensor is less than the
compression rate, the defibrillation device can determine that
the rescuer is not appropriately releasing the victim’s chest.
[0074] Whileinthe example described above, the presence/
absence of light was used to determine the release of the
rescuer’s hands from the victim’s chest, in some additional
examples a change in light measured by the light sensor 88
can be used to determine the presence/absence of the rescu-
er’s hands. For example, the rescuer may not fully cover the
light sensor 88 when providing compressions. However, if a
portion of the light sensor 88 is covered, a change in the
intensity or amount of light measured by the light sensor will
be observed when the rescuer lifts his/her hands. This change
in intensity can be used to determine presence/absence of the
rescuer’s hands.

[0075] Insome additional examples, the light sensor 88 can
be used to detect the removal of the electrodes from a package
and can be used to begin instructions to a rescuer about how
to apply the electrodes to the victim.

[0076] FIG.8A shows an assembled electrode package 110
with multiconductor electrical lead 120 and label 112. The
package is opened by grasping the loose flaps 116 at arrow
label 118, and peeling back the top flap. As the flaps are pulled
apart, releaseable peripheral adhesive 114 parts. When a light
sensor is included in the assembled electrode package 110,
light is unable to impinge on the light sensor 161. As such,
information from the sensor can be used to determine that the
rescuer has not yet opened the electrode package regardless of
whether the leads 120 have been plugged into a defibrillation
device. As such, if the defibrillation device detects that the
leads 120 have been inserted into the defibrillation device but
the light sensor 161 does not indicate the presence of light, the
defibrillation device can provide instructions to the rescuer
about how to open the electrode package 110.

[0077] FIGS. 8B and 8C show views ofthe electrodes 150a
and 1505, an accelerometer 160, a light sensor 161, and
styrene sheet 140 after removal from the electrode package
110. Before the package is opened, the styrene sheet 140 is
folded along fold line 151 in the form of a closed book (e.g.,
as shown in FIG. 8B), with the electrodes 50a and 505 and
accelerometer 60 peelably attached to the interior facing sur-
faces of the book. The accelerometer works with electronics
in the defibrillator to determine the depth of compressions
during CPR. The light sensor 161 works with electronics in
the defibrillator to determine whether the rescuer is appropri-
ately releasing the victim’s chest between compressions (e.g.,
as described herein). ECG electrodes (not shown) are built
into one of electrode 150a or 1505 (each is located at approxi-
mately the corners of the triangular shape of the electrode).
Until the book is unfolded, the light sensor 161 is covered by
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the opposite side of the styrene sheet 140 and light is unable
to impinge on the light sensor. On opening the package, the
book is unfolded, so that the electrodes and accelerometer are
presented to the user as shown in FIG. 8C. Upon unfolding the
book, the light sensor 161 is uncovered and light is able to
reach the light sensor. Thus, the unfolding of the book (and
the resulting light measurement from the sensor 161) indi-
cates to the defibrillation device that the user has opened the
package 110 and is ready to receive information (e.g., audio
or visual instructions) about the application of the electrodes
to the victim.

[0078] FIGS. 9A-B and 10A-B show capacitance sensor
during CPR compressions. As shown in FIGS. 9A and 10A,
when the rescuer’s hands 92 are raised away from the victim’s
chest and are not in contact with the victim’s chest 90 (e.g.,
when the rescuer releases from a compression), the capaci-
tance sensor 87 is uncovered. Thus, when the rescuer’s hands
are raised away from the victim’s chest capacitance measured
by the capacitance sensor 87 is based on the dielectric of air.
In contrast, as shown in FIGS. 9B and 10B, when the rescu-
er’s hands 92 are in contact with the victim’s chest 90 (e.g.,
when the rescuer is providing a compression) the capacitance
sensor 87 is covered and contact is made between the rescu-
er’s hands and the sensor 87. When the human hands
approach or touch the capacitive sensor 87, the sensor 87
detects this movement or touch of the hand and measures a
change in capacitance. Thus, the measured capacitance level
can be used by the processor or device to determine whether
the rescuer hand is touching the capacitor sensor 87 and can
be used to determine whether the rescuer is fully releasing
his/her hands from the victim’s chest 90; when capacitance
remains at a level indicating that the rescuer’s hands are in
contact with the capacitance sensor 87, the rescuer is not fully
releasing his/her hands between compressions.

[0079] Insome examples, the information from the capaci-
tance sensor can be compared to CPR compression rate infor-
mation from the accelerometer to determine whether the user
is releasing the victim’s chest fully. More particularly, if the
rescuer is releasing the victim’s chest fully, a change in
capacitance should be observed by the capacitance sensor for
every compression. Thus, the defibrillation device can deter-
mine a frequency at which a threshold change in capacitance
is detected by the capacitance sensor and compare the deter-
mined frequency with a compression rate obtained from the
accelerometer. If the determined frequency from the capaci-
tance sensor is the same (or within an acceptable range from)
the compression rate obtained from the accelerometer, the
defibrillation device can determine that the rescuer is appro-
priately releasing the victim’s chest. On the other hand, if the
frequency from the capacitance sensor is less than the com-
pression rate, the defibrillation device can determine that the
rescuer is not appropriately releasing the victim’s chest.

[0080] While at least some of the embodiments described
above describe techmques and displays used in conjunction
with an AED device, similar techmques and displays can be
used with other defibrillator devices. Exemplary professional
grade defibrillator devices include the R series, E series,
Propaq MD, or M series devices manufactured by ZOLL
Medical, MA and the Philips MRX or Philips XL devices.

[0081] Additionally, the defibrillator may take the form of a
wearable defibrillator such as the LifeVest, manufactured by
ZOLL Medical (Chelmsford, Mass.).
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[0082] Many other implementations other than those
described may be employed, and may be encompassed by the
following claims.

What is claimed is:

1. A method for providing adaptive Cardiopulmonary
Resuscitation (CPR) treatment to a person in need of emer-
gency assistance, the method comprising:

obtaining, by a computing unit, from an accelerometer
positioned to move in coordination with a patient’s
breastbone values for depths of a plurality of the chest
compressions;

obtaining, by a computing unit, from a light sensor affixed
to the patient information about light detection;

determining, based on the information from the light sen-
sor, whether a rescuer is releasing the chest of a patient
during manual CPR chest compressions; and

providing feedback to a rescuer about chest compressions
performed by the rescuer based at least in part on the
values for the depths of the plurality of the chest com-
pressions and the determination of whether the rescuer is
releasing the chest of the patient.

2. The method of claim 1, wherein determining whether the
rescuer is releasing the chest of a patient during manual CPR
chest compressions comprises:

determining a frequency at which light is detected by the
light sensor;

comparing the determined frequency with a compression
rate obtained from the accelerometer; and

determining that the rescuer is not releasing the chest of a
patient if the determined frequency at which light is
detected by the light sensor is less than the compression
rate obtained from the accelerometer.

3. The method of claim 1, wherein providing the feedback
to the rescuer about chest compressions comprises displaying
on a graphical display screen of a defibrillator, an indication
of the depths of one or more of the plurality of the chest
compressions, the rate of the chest compressions, and a
release indicator.

4. The method of claim 1, wherein providing the feedback
to the rescuer about chest compressions comprises displaying
a release indicator where the amount of fill in the release
indicator varies to indicate whether the rescuer is fully releas-
ing between chest compressions.

5. The method of claim 1, wherein providing the feedback
to a rescuer about chest compressions comprises displaying
an icon that indicates whether the chest compressions are
being performed properly.

6. The method of claim 1, further comprising receiving
information about the patient’s heart activity and displaying
on a graphical display, with the feedback about chest com-
pressions, an electrocardiogram of the patient.

7. The method of claim 1, wherein the computing unit is
integrated with a portable defibrillator.

8. The method of claim 1, wherein the computing unit
comprises a touchscreen tablet computer.

9. An external defibrillator, comprising:

a light sensor arranged to contact a patient and obtain

measurements regarding light detection;

a computing unit connected to memory that stores com-
puter instructions for determining, based on the infor-
mation from the light sensor, whether a rescuer is releas-
ing the chest of a patient during manual CPR chest
compressions; and
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avideo display screen for displaying feedback to a rescuer
about chest compressions performed by the rescuer
based at least in part on the determination of whether the
rescuer is releasing the chest of the patient.

10. The external defibrillator of claim 9, wherein the com-
puting unit is configured to determine whether the rescuer is
releasing the chest of a patient during manual CPR chest
compressions by:

determining a frequency at which a threshold amount of

light is detected by the light sensor;

comparing the determined frequency with a compression

rate obtained from an accelerometer; and

determining that the rescuer is not releasing the chest of a

patient if the determined frequency at which a threshold
amount of light is detected by the light sensor is less than
the compression rate obtained from the accelerometer.

11. The external defibrillator of claim 9, wherein the feed-
back to the rescuer about chest compressions comprises a
release indicator.

12. The external defibrillator of claim 11, wherein an
amount of fill in the release indicator varies to indicate
whether the rescuer is fully releasing between chest compres-
sions.

13. The external defibrillator of claim 9, wherein the feed-
back to the rescuer about chest compressions comprises an
icon that indicates whether the chest compressions are being
performed properly.

14. The external defibrillator of claim 9, further comprising
one or more sensors configured to obtain information about
the patient’s heart activity.

15. The external defibrillator of claim 14, wherein the
video display is further configured to display an electrocar-
diogram of the patient with the feedback about chest com-
pressions.

16. A method for providing adaptive Cardiopulmonary
Resuscitation (CPR) treatment to a person in need of emer-
gency assistance, the method comprising:

obtaining, by a computing unit, from an accelerometer

positioned to move in coordination with a patient’s
breastbone values for depths of a plurality of the chest
compressions;

obtaining, by a computing unit, from a capacitive touch

sensor affixed to the patient information about contact
with the sensor;
determining, based on the information from the capacitive
touch sensor, whether a rescuer is releasing the chest of
a patient during manual CPR chest compressions; and

providing feedback to a rescuer about chest compressions
performed by the rescuer based at least in part on the
values for the depths of the plurality of the chest com-
pressions and the determination of whether the rescuer is
releasing the chest of the patient.

17. The method of claim 16, wherein determining whether
the rescuer is releasing the chest of a patient during manual
CPR chest compressions comprises:

determining a frequency at which contact with the capaci-

tive touch sensor is detected based on the information
from the capacitive touch sensor;

comparing the determined frequency with a compression

rate obtained from the accelerometer; and

determining that the rescuer is not releasing the chest of a

patient if the determined frequency at contactis detected
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by the capacitive touch sensor is less than the compres-
sion rate obtained from the accelerometer.

18. The method of claim 16, wherein providing the feed-
back to the rescuer about chest compressions comprises dis-
playing on a graphical display screen of a defibrillator, an
indication of the depths of one or more of the plurality of the
chest compressions, the rate of the chest compressions, and a
release indicator.

19. The method of claim 16, wherein providing the feed-
back to the rescuer about chest compressions comprises dis-
playing a release indicator where the amount of fill in the
release indicator varies to indicate whether the rescuer is fully
releasing between chest compressions.

20. The method of claim 16, wherein providing the feed-
back to a rescuer about chest compressions comprises dis-
playing an icon that indicates whether the chest compressions
are being performed properly.

21. The method of claim 16, further comprising receiving
information about the patient’s heart activity and displaying
on a graphical display, with the feedback about chest com-
pressions, an electrocardiogram of the patient.

22. An external defibrillator, comprising:

a capacitive touch sensor arranged to contact a patient and
obtain measurements regarding contact with the capaci-
tive touch sensor;

a computing unit connected to memory that stores com-
puter instructions for determining, based on the infor-
mation from the capacitive touch sensor, whether a res-
cuer is releasing the chest of a patient during manual
CPR chest compressions; and

a video display screen for displaying feedback to a rescuer
about chest compressions performed by the rescuer
based at least in part on the determination of whether the
rescuer is releasing the chest of the patient.

23. The external defibrillator of claim 22, wherein the
computing unit is configured to determine whether the res-
cuer is releasing the chest of a patient during manual CPR
chest compressions by:

determining a frequency at which a capacitance indicative
of contact of a rescuer’s hands with the capacitive touch
sensor is detected by the capacitive touch sensor;

comparing the determined frequency with a compression
rate obtained from an accelerometer; and

determining that the rescuer is not releasing the chest of a
patient if the determined frequency at which a threshold
amount of light is detected by the light sensor is less than
the compression rate obtained from the accelerometer.

24. The external defibrillator of claim 22, wherein the
feedback to the rescuer about chest compressions comprises
a release indicator with an amount of fill in the release indi-
cator varying to indicate whether the rescuer is fully releasing
between chest compressions.

25. The external defibrillator of claim 22, wherein the
feedback to the rescuer about chest compressions comprises
an icon that indicates whether the chest compressions are
being performed properly.

26. The external defibrillator of claim 22, wherein the
defibrillator is further configured to receive information about
the patient’s heart activity and displaying on a graphical
display, with the feedback about chest compressions, an elec-
trocardiogram of the patient.
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