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MEDICAL RADAR SYSTEM FOR GUIDING
CARDIAC RESUSCITATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims priority to U.S. pro-
visional patent application No. 61/653,724, filed on May 31,
2012, and titled “UWB Sensor and Algorithms for Guiding
Cardiac Resuscitation.”

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned
in this specification are herein incorporated by reference in
their entirety to the same extent as if each individual publi-
cation or patent application was specifically and individually
indicated to be incorporated by reference.

FIELD OF THE INVENTION

[0003] The devices, systems and method described herein
relate to the administration of cardiopulmonary resuscitation
(CPR). In particular, described herein are CPR assist devices
and methods that allow high-quality CPR including the rapid
and accurate determination of the return of spontaneous cir-
culation (ROSC).

BACKGROUND OF THE INVENTION

[0004] Recently revised American Heart Association
(AHA) guidelines for cardiopulmonary resuscitation repre-
sent a major paradigm shift in the sequencing and priorities of
the steps for providing emergency treatment using CPR, reor-
ganizing the well-known A-B-C’s (airway, breathing, circu-
lation) to C-A-B, emphasizing circulation over airway and
breathing. The key to the return of spontaneous circulation
(ROSC) is the application of high-quality CPR, with com-
pressions of adequate rate and depth, allowing complete chest
recoil, minimizing interruptions in chest compressions and
avoiding excessive ventilation. For adults and children, this
translates to 100 compressions per minute at a compression
depth of 2 inches. The new AHA guidelines also highlight the
negative impact of any pauses in compression, recommend-
ing that they be minimized and if incorporated for pulse
checks, limited to no more than ten seconds. The return of
spontaneous circulation (ROSC) typically refers to the
resumption of sustained perfusing cardiac activity associated
with significant respiratory effort after cardiac arrest. Signs of
ROSC include a palpable pulse or a measurable blood pres-
sure. The return to spontaneous circulation is a recognized
metric for determining the termination of resuscitation; how-
ever it is difficult to assess quickly when performing CPR.

[0005] Traditionally, a caregiver would test for ROSC by
interrupting CPR and manually palpating the carotid artery to
determine if a pulse is present. Detection of a pulse at the
carotid artery is generally accepted as corresponding to a
blood pressure of 60 mmHg systolic, the threshold for mini-
mally viable blood pressure and flow. Unfortunately, this type
of measurement is extremely subjective, time consuming to
perform, and sensitive to external motion, e.g. transport by
ground or air ambulance. Similarly, evaluating the quality of
compressions, such as the rate and depth of compressions,
typically relies on simple counting and visual estimates, both
of which are inaccurate. Several CPR assist devices that
incorporate accelerometer technology to measure chest com-
pressions have been introduced but these are ineffective when
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the patient is on a compliant surface, such as a gurney or bed,
because the applied compression often causes the compliant
surface to compress rather than the patient’s chest.

[0006] Although devices and methods for monitoring and
providing feedback when performing CPR have been pro-
posed and introduced, the inventor is not aware of any non-
invasive systems capable of consistently and accurately deter-
mining ROSC, either alone or in combination with CPR assist
tools that monitor and provide feedback on chest compres-
sion.

[0007] Thus, there is a need for devices, including CPR
assist tools, that are capable of accurately and quickly indi-
cating ROSC and/or providing feedback on chest compres-
sion, including depth and rate.

[0008] Described herein are devices, systems and methods
that may address the problems identified above. For example,
described herein are miniature medical radar (e.g., Ultra-
wideband radio frequency radar) devices suitable for assist-
ing with and/or managing the application of CPR and cardiac
resuscitation. These devices and systems may therefore be
small, rugged CPR guidance tools capable of providing feed-
back during the application of CPR to the rescuer, whether
that individual is a healthcare professional or bystander. The
feedback may allow the rescuer to optimize compressions,
maximizing the probability of resuscitation.

SUMMARY OF THE INVENTION

[0009] In general, described herein are devices, systems
and methods for assisting in applying cardiopulmonary resus-
citation (CPR). Devices typically include an energy emitter
and energy detector (which may be a single element, or may
include a separate emitter and detector/receiver, a processor
for analyzing the received and reflected energy, and one or
more outputs for outputting an indicator of compression
depth, compression frequency, and a return to spontaneous
circulation. The processor may control the application of
energy as well as analyzing reflected energy. Any type of
energy maybe used, such as ultrasound, but including in par-
ticular, ultra-wideband energy.

[0010] The devices described herein may be configured as
stand-alone devices or they may be integrated into other sys-
tems, including resuscitation systems.

[0011] For example, a stand-alone device may be config-
ured as a rugged, wireless battery powered stand-alone device
for use during manual CPR. The device may ergonomically
conform to the sternum and use the intercostal spaces and/or
the xyphoid to assist with alignment/placement. The device
may have a selector switch for selecting the category of
patient, e.g., infant, child, adult, and based on the switch
position, guide the rescuer with the appropriate rates and
depths, as described in greater detail herein. The device may
monitor the compressions and provide feedback on compli-
ance with AHA guidelines. In some variations, the feedback
includes an audio and/or visual metronome, audio and/or
visual error indicators (slow down, speed up, push harder,
push softer), memory for post-CPR analysis and legal
defense. It may also prompt the rescuer to pause per the
American Heart Association (AHA) guidelines to evaluate
the efficacy and patient response using a return of spontane-
ous circulation (ROSC) method as described below. Any of
the devices described herein may automatically test for
ROSC, either continuously, or during detected or requested
periods during which compressions are not being applied. In
some variations, one or more accelerometer and/or pressure
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transducer may also be included and used to gather additional
data for correlation or for determining when to test for ROSC
(e.g., by detecting with the accelerometer when compressions
are not being provided).

[0012] Any of the device variations described herein may
be included or integrated as part of an automatic compression
system (e.g., a “thumper”). A thumper is typically a mechani-
cal compression system that provides chest compressions per
the AHA guidelines. In this variation, the devices described
herein may not necessarily need to track or provide feedback
on the compressions themselves as the thumper is responsible
for compliance, or it may provide feedback to the mechanical
compression. However, these devices may be used to test for
ROSC. In some variations the devices described herein may
be embedded in the head of the thumper, and may be used to
evaluate the efficacy and patient response using the ROSC
detection methods described herein during pauses in the
application of compression.

[0013] Insome variations, the devices described herein are
integrated into or with a defibrillator, including either a clini-
cal model or a public AED. Clinical defibrillators typically
have two “paddles;” a devices such as that described herein
may be part of or tethered to the defibrillator and the audio
and/or visual feedback indicators may be embedded in the
main machine, along with the defibrillator instructions/feed-
back. Public AED’s include those with two separate patches
and those with a single large patch. The energy emitter/re-
ceiver of the devices described herein (sensor) may be inte-
grated into one of the patches or into the large patch, depend-
ing on the type of defibrillator system.

[0014] For example, described herein are devices for deter-
mining the return of spontaneous circulation (ROSC) when
applying cardiopulmonary resuscitation (CPR), the device
comprising: a surface configured to be placed against a
patient’s chest; an energy emitter and energy detector config-
ured to emit energy from the surface into the patient; a pro-
cessor coupled to the energy detector and energy emitter and
configured to evaluate blood pressure from energy returning
from the patient after being emitted into the patient; and an
output configured to indicate the ROSC based on the blood
pressure evaluation of the processor.

[0015] Any of the devices described herein may include a
housing. The housing may be sealed. The housing may be
configured to conform to a patient’s body (e.g., chest) in an
appropriate position, e.g., near the xyphoid process or in the
intercostal region. In general, the surface for contacting the
patient may be part of a sealed housing that includes the
surface. The surface of these devices typically does not need
to contact the patient directly, but may be used through cloth-
ing. In particular, the ultra-wideband variations may be used
through one or more layers of clothing.

[0016] Any appropriate energy modality may be used,
including ultrasound and RF energy, and in particular, UWB
RF energy. The device may include a single unitary or com-
posite energy emitter and detector, or the device may include
separate emitters (transmitters) and detectors (receivers). In
some variations the sensor (energy emitter and detector) is
made of an ultra-wideband (UWB) transmitter and receiver
configured to emit energy into a patient and to receive
reflected energy. Any of these variations may include one or
more antenna, such as a transmitter UWB antenna and/or a
receiver UWB antenna. For example, the emitter and receiver
may comprise a single antenna, or the emitter and receiver
comprise separate transmitting and receiving antennas. The
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processor may control the application and detection (and
analysis) of energy signals as described below. However, in
some variations a separate controller, or an integrated con-
troller, may be used to coordinate these functions.

[0017] The processor may be any appropriate computer
processor, including dedicated or multi-purpose processors.
The processor is generally connected to the sensor (emitter/
receiver) and also to the output. As described in greater detail
below, the processor may use reflected energy signals to track
motion in the chest, determine motion corresponding to the
heart (or lack of such motion) and may derive one or more
indicators of heart activity, to determine if the patient has
returned to spontaneous circulation (ROSC); these one or
more indicators may be compared to known values, e.g.,
thresholds, and the results used to indicate if ROSC has
occurred or has not occurred. For example, the processor may
be configured to evaluate blood pressure based on the time-
of-flight of energy returning from the patient after being
emitted into the patient. The processor may evaluate blood
pressure by determining an estimate of pulse strength from
the energy returning from the patient after being emitted into
the patient and compares this estimate to a threshold corre-
lated with a known blood pressure. In some variations, the
processor is configured to evaluate blood pressure by deter-
mining one or more regions showing cardiac activity based on
the power spectral density of the regions and using these
regions to evaluate blood pressure.

[0018] As mentioned, any of the devices described herein
may be configured to determine if a patient has returned to
spontaneous circulation or failed to return to spontaneous
circulation. The processor may be further or alternatively be
configured to determine compression rate based on energy
returning from the patient after being emitted into the patient.
In some variations, the process may further or alternatively be
configured to determine compression depth based on, energy
returning from the patient after being emitted into the patient.
[0019] Invariations that determine ROSC, the devices may
be configured to determine this during periods in which com-
pressions are not being applied; the device may manually
determine if the patient has returned to spontaneous circula-
tion or it may be configured to automatically detect a suspen-
sion of compressions and evaluate blood pressure when com-
pressions are not being applied.

[0020] The devices may provide any appropriate feedback
to the person applying CPR (the “rescuer”). For example, the
output may be one or more of audible, visual, or tactile. For
example, the output may include a notification that that the
patient has or has not returned to spontaneous circulation by
indicating with one or more LEDs on the device or by audibly
instructing the rescuer to continue to apply compressions.
[0021] In some variations a device for determining the
return of spontaneous circulation (ROSC) when applying
cardiopulmonary resuscitation (CPR), the device includes: a
surface configured to be placed against a patient’s chest; an
energy emitter and energy detector configured to emit energy
from the surface into the patient; a processor coupled to the
energy detector and energy emitter and configured to evaluate
blood pressure from energy returning from the patient after
being emitted into the patient; and an output configured to
indicate the ROSC and to guide compression based on the
processor’s evaluation of energy returning from the patient
after being emitted into the patient.

[0022] In some variations, the device for determining the
return of spontaneous circulation (ROSC) when applying
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cardiopulmonary resuscitation (CPR), the device includes: an
ultra-wideband (UWB) transmitter and receiver configured to
emit energy into a patient and to receive reflected energy; a
processor coupled to the UWB transmitter and receiver detec-
tor and energy emitter and configured to evaluate blood pres-
sure based on the time-of-flight of the reflected energy return-
ing from the patient; and an output configured to indicate the
ROSC and to guide compression based on the processor’s
evaluation of the time-of-flight of the reflected energy.

[0023] Methods of assisting or instructing a rescuer in
applying CPR are also described. In general, these methods
may include applying energy (e.g., UWB RF energy), detect-
ing and analyzing reflected energy from the patient’s chest,
and analyzing these reflections to determine one or more of:
the return of spontaneous circulation (ROSC), the frequency/
rate of compressions and the depth of compressions. The
reflected energy may be analyzed to determine movement
within different depths of the chest (e.g., heart movements)
from time-of-flight measurements, and based on this, to
determine which depth (e.g., “bins”) or ranges to analyze. A
pulse strength may be determined from these one or more
regions and ratios representing pulse strength (e.g., maximum
amplitude versus mean amplitude) may be compared to a
threshold value corresponding to a known blood pressure.
This comparison may therefore provide an evaluation of the
patient’s blood pressure, which may be used to determine
ROSC.

[0024] For example, described are methods of determining
the return of spontaneous circulation (ROSC) when applying
cardiopulmonary resuscitation (CPR), the method compris-
ing: placing a device against the patient’s chest, wherein the
device comprises an energy emitter and energy detector con-
figured to emit energy from the surface into the patient and a
processor coupled to the energy detector and energy emitter;
performing CPR on the patient; emitting energy from the
device into the patient’s chest; detecting energy reflected
from the patient’s chest; evaluating the patient’s blood pres-
sure from the energy reflected from the patient’s chest; and
indicating based on the evaluated blood pressure if the patient
has returned to spontaneous circulation.

[0025] Placing the device may include placing the device
on the patient’s chest before initiating CPR. As mentioned,
the device may be placed over clothes, or against a patient’s
bare chest.

[0026] The method may be used when emitting ultra-wide-
band radio frequency energy into the patient, or using other
energy forms, including ultrasound. The step of detecting
energy reflected from the patient’s chest may comprise sam-
pling at different times to determine values at different depths
into the body. For example, evaluating the patient’s blood
pressure comprises determining time-of-flight of the reflected
energy. Evaluating the patient’s blood pressure from the
energy reflected from the patient’s chest may comprise esti-
mating when compressions are not being applied so that the
ROSC analysis can be performed during this period.

[0027] Evaluating the patient’s blood pressure from the
energy reflected from the patient’s chest may comprise deter-
mining an estimate of pulse strength from the reflected energy
and comparing the estimate of pulse strength to a threshold
correlated with a known blood pressure. Evaluating the
patient’s blood pressure from the energy reflected from the
patient’s chest may comprise evaluating blood pressure by
determining one or more regions showing cardiac activity
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based on the power spectral density of the regions and using
these regions to evaluate blood pressure.

[0028] In any of the methods described, compression rate
may be determined based on the reflected energy, and an
indicator of compression rate may be output. Similarly, com-
pression depth may be determined based on the reflected
energy, and an indicator of compression depth may be output.
[0029] Also described herein are devices for assisting in
CPR by monitoring and reporting compression rates and/or
depth using UWB. For example, a device for assisting in CPR
by providing feedback on compression rates and/or depth
may include: a surface configured to be placed against a
patient’s chest; a UWB energy emitter and energy detector
configured to emit UWB energy from the surface into the
patient; a processor coupled to the UWB energy detector and
energy emitter and configured to evaluate blood pressure
from UWB energy returning from the patient after being
emitted into the patient; and an output configured to indicate
compression rate and/or depth based on the motion of tissue
beneath the reflection of the UWB energy from tissue beneath
the surface. In some variations, the device includes a sealed
housing including the surface. The device may be configured
to automatically and continuously monitor compressions.
[0030] In some variations, the UWB energy emitter and
detector comprise an ultra-wideband (UWB) transmitter and
receiver configured to emit energy into a patient and to receive
reflected energy. The emitter and receiver may comprise a
single antenna, or the emitter and receiver may comprise
separate transmitting and receiving antennas.

[0031] The processor may be configured to evaluate com-
pressions based on the time-of-flight of energy returning from
the patient after being emitted into the patient. In some varia-
tion, the processor evaluates compressions by determining an
estimate of pulse strength from the energy returning from the
patient after being emitted into the patient and compares this
estimate to a threshold correlated with a known blood pres-
sure. In some variations, the processor determines the amount
of shift (motion) of tissue beneath the sensor based on the
change in depth of similarly reflective regions. In some varia-
tions, the processor is configured to evaluate compressions
based on the power spectral density of the regions and using
these regions to track motion. As used here evaluating com-
pressions may include estimating rate and/or depth of com-
pressions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1A is a schematic of a medical radar device for
assisting in applying cardiopulmonary resuscitation (CPR).
[0033] FIG. 1B is an example of a UWB medical radar
device having a visual indicator (LED) for visual feedback
indicating that a patient has or has not resumed spontaneous
circulation based on a predetermined threshold (e.g., corre-
sponding to a blood pressure of 60 mmHg systolic).

[0034] FIG.2isablock diagram of one variation ofa UWB
medical radar device for assisting in applying cardiopulmo-
nary resuscitation (e.g., determining the return of spontane-
ous circulation).

[0035] FIG. 3 shows one variation of a FET based UWB
sample and hold circuit.

[0036] FIGS. 4 and 5 show examples of graphs illustrating
the evaluation of blood pressure from energy returning from
the patient after being emitted into the patient from a device
such as the one shown in FIG. 1B. In FIG. 4, an actual
measured trace for cardiac motion pulse strength is compared
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with apredetermined threshold of 60 mmHg systolic pressure
(line at -0.8); the blood pressure in the experimental animal
was held at below 60 mmHg; in FIG. 5, the blood pressure
was held above 60 mmHg.

[0037] FIG. 6 shows a graph comparing the UWB system
with a measure of arterial blood pressure; for comparison, the
threshold corresponding to 60 mmHg is also shown.

[0038] FIG. 7 illustrates the effect of the UWB determina-
tion of cardiac motion pulse strength in an animal in which
fibrillation was induced, following by two rounds of defibril-
lation; the threshold corresponding to 60 mmHg is also
shown.

[0039] FIG. 8 is a graph (2D) showing compression data
with a 1 cm mechanical displacement for chest compressions
determined using a device such as the one shown in FIG. 1B.
[0040] FIG. 9 is a flowchart illustrating one method of
determining ROSC using a medical radar system as described
herein.

[0041] FIG. 10 is a flowchart illustrating one method of
determining compression rate using a medical radar system
as described herein.

[0042] FIG. 11 is a flowchart illustrating one method of
determining compression depth using a medical radar system
as described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0043] A medical radar system may be used to enhance the
efficacy of delivery of cardiopulmonary resuscitation (CPR).
In particular, the devices and methods described in detail
below refer to ultra-wideband (UWB) medical radar systems,
however, it should be understood that these principles may be
applied to other medical radar systems, including ultrasound
systems.

[0044] UWB radio frequency (RF) radar is an active imag-
ing technology similar in functional concept to ultrasound but
is based on electromagnetic, rather than sonic energy. In
practice, a UWB Medical Radar may emit a micro-pulse of
electromagnetic energy, which propagates into the human
body. As the energy enters the body, small amounts of the
incident energy are reflected back to the device. The reflec-
tions are primarily a result of the differences in dielectric
properties of the underlying tissues and organs. The reflected
energy is received and processed using signal processing
algorithms to extract information on the type, location, size,
and relative movement of the illuminated tissues and organs.
The radar’s extremely narrow transmitted pulse (e.g., 150 ps
FWHM) along with it fine timing resolution (e.g., 250 ps) and
variable interrogation range (typically 1 cm to 50 cm for
torso-based applications) allows the sensor to accurately
detect, track, and measure small internal movements through-
out the chest.

[0045] FIG. 1A illustrates one generic variation of a device
for assisting/instruction CPR. In this example the device
includes a processor 105 that is functionally connected to, and
may control, an energy emitter and energy reliever 101, 102.
The receiver and transmitter may be separate or unitary, and
may include additional elements (e.g., antenna, resonators,
filters, etc.) not illustrated in this schematic, The processor
may also be connected to the output 103. The entire device
may be housed within (and sealed within) a housing 110. The
housing may include a surface 112 to be placed against the
patient’s chest, directing the energy into the patient’s chest.
[0046] FIG. 1B shows another variation, configured as a
UWB medical radar system. In this example, the device is
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extremely small and lightweight, measuring 2.875"x1.875"x
0.875" and weighing less than 2 oz. The assembly shown
includes the case (housing), radar circuitry, separate transmit
and receive antennas, and a 1200 mAhr Li-Ion battery, pro-
viding over 4 hours of continuous operation. The case may be
ergonomically designed to fit snuggly on the chest, contour-
ing to the shape of the sternum between the jugular notch and
the xiphoid process. The case is resistant to fluids and suffi-
ciently strong enough to protect the internal circuitry and
minimize flexing or deformation during compressions.
[0047] In general, the medical radar devices may be based
on basic time-of-flight principles using a variable range gate,
allowing it to collect data from a wide range of depths within
the human body. Per equation 1, a time of flight UWB radar
works by sampling the signal present at the receiving antenna
aprecise time after transmission of an impulse where the time
difference between the transmitted pulse and sampling of the
received signal corresponds to the range to the desired target
in the propagating medium.

a [1]

We,

Range =

Where: c=speed of light, (=time of flight, € =relative dielec-
tric constant of the media.

[0048] Given a real-world environment containing numer-
ous static and dynamic targets, each transmitted pulse will
resultina continuous received signal at the receiving antenna
where the sampler is responsible for providing range and
thus, target discrimination, allowing the system to isolate
individual targets. An ideal sampler will sample the signal
present at the receiving antenna, passing that signal to the
receiver at the specified time with minimal distortion while
effectively blocking all signals present at the receiving
antenna at other times. In practice, the set of desired interro-
gation depths encompassing the organs of interest is divided
into a series of range bins where the number and width of the
range bins is a function of the radar’s radial resolution.
[0049] AsshowninFIG. 2, an exemplary device such as the
one shown in FIG. 1A may consists of an embedded proces-
sor, a communications link, non-volatile memory, a multi-
color LED (output), a precision timing circuit, a UWB trans-
mitter, a UWB receiver, a multi-axis accelerometer, a
thermometer, and battery management/charging circuitry.
[0050] The selection of a specific embedded processor
depends on the target system configuration with a more
capable device required for the higher computational load
inherent with autonomous operation. If the sensor is con-
nected to another medical device, e.g. a vital signs monitor or
defibrillator, it is possible to off-load some of the signal
processing to that device, reducing the requirements on the
sensor’s embedded processor. The most recent prototype uses
a 64 pin, 32 bit microcontroller. This device has sufficient /O,
Flash memory, and computational capabilities to manage all
radar, Ul, communication, and battery functions as well as
process and store the radar and accelerometer data. Various
communication links may be used, including wired (e.g.,
RS232, USB 1.1 and 2.0) and wireless (e.g., 928 MHz ISM
and Bluetooth) where the selection of the link depends on the
desired system configuration and intended use model.
[0051] The precision timing circuit, UWB transmitter, and
UWRB receiver may be used as known; the timing system may
be configured to have a low relative jitter between the trans-
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mitter and receiver paths, as jitter translates into noise and
reduces receiver sensitivity. In some variations, the main fea-
tures of the timing circuit are a common pulse repetition
frequency (PRF) oscillator, nominally operating at 16 MHz,
and a low jitter/skew clock buffer sourcing both the transmit-
ter and receiver timing paths. Both the transmitter and
receiver timing paths may include a delay line and buffer. In
one variation, both paths use an 8 bit, 250 ps resolution
programmable CMOS delay line for maximum flexibility but
in a production design, a fixed delay line could be substituted
for the programmable model in either one but not both of the
transmitter or receiver paths to reduce power consumption
and cost. One path may contain a variable delay line of some
sort to allow the sensor to scan across a range of depths or
dynamically focus on specific anatomical structures. From
practical experience, it may be desirable to control the range
setting by varying the transmitter delay, i.e. place the pro-
grammable delay line in the transmitter path, rather than the
receiver delay as any dynamic changes to the receiver con-
figuration can introduce noise.

[0052] The timing signal from the transmitter path may be
fed to the UWB transmitter to generate an impulse. For medi-
cal applications, a bipolar pulse having a pulse width of 120
ps-160 ps FWHM and amplitude of 5 to 8 volts peak-to-peak
prior to filtering and differentiation by the transmitter antenna
produces good results. Several impulse circuits have been
evaluated in the context of the devices described herein,
including those featuring a step recovery diode (SRD) and
high-frequency transistors, demonstrating the ability to gen-
erate either unipolar (positive or negative peak) as well as the
more desirable bipolar pulses. In some variations, transistors
would most likely be selected over SRD’s as they are much
less expensive.

[0053] InFIG. 1B, the UWB receiver consists of two sec-
tions, the UWB sample and hold and the low frequency (or
baseband) receiver. A simplified block diagram of one
example of a UWB sample and hold circuit is shown in FIG.
3. In FIG. 3, the sample-and-hold circuit is a high speed
switch triggered by a second impulse generator. Although
other sampler designs may be used, using a FET for the
switching element may provide significantly better perfor-
mance over the Schottky diode-based designs commonly
found in the literature. In practice, a commercially available
K-band N-channel HI-FET with a gate bias of =2.5V and a
trigger impulse of 200 ps-250 ps at 2.5 Vpp produces a more
consistent on-time impedance and better off-time isolation.
The impulse generator may be a de-tuned version of a design
used in the transmitter and is fed by the output of the receiver
delay line.

[0054] The output of the FET switch may be connected to
the hold circuit which is responsible for integrating the
returns from a single depth over numerous transmitted pulses.
For example, given a PRF of 16 MHz, 40 discrete depths, and
a scan rate of 50 HZ, the sampler will transfer returns to the
hold circuit from 8,000 transmitted pulses per each discrete
depth. The hold circuit may average those 8,000 returns yet
reset quickly when the sensor changes the timing to interro-
gate the next discrete depth, dumping all stored charge from
the previous depth. In the illustrated example, an active dis-
charge circuit has been added to the hold circuit that is ener-
gized anytime the sensor changes depths.

[0055] In the exemplary device shown, the low frequency
portion of the receiver is connected to the output of the hold
circuit and amplifies, filters, and digitizes the received sig-
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nals. For a CPR application and using the operating param-
eters from above, an example of an appropriate receiver band-
widthis 5 kHz (e.g., 2.5 times the rate of change of the depths)
with a fixed voltage gain of 100. Following the fixed gain
section is a programmable gain amplifier (PGA) and a 16 bit
analog-to-digital converter (ADC). The PGA allows the sen-
sor to optimize the amplitude of the received signal, account-
ing for variations in patient anatomy, and it allows the sensor
to increase the receiver gain for increasing depth to compen-
sate for increased losses. The ADC digitizes the integrated,
amplified, and filtered returns. The ADC may oversample the
data typically by a factor of 8x or 16x to reduce random noise
in the signal. Depending onthe ADC selected and its features,
the oversampled data is either averaged internally by the ADC
or after transfer to the processor. Once transferred to the
processor, algorithms extract the desired data.

[0056] Inany of the devices and methods described herein,
the devices may be self-contained, so that they may monitor
the patient with a single housing, and do not require a separate
sensor, plate, electrode or reference to be placed on a second
or additional site on the body.

Sensor Methods

[0057] Described herein are specific signal processing
methods that may be used to determine heart motion from
reflected energy and may determine if a patient has returned
to spontaneous circulation, examine the rate of compressions
being applied, and examine the depth of contractions being
applied. FIGS. 9-11, described in more detail below, illustrate
these methods. In some variations the devices and systems
descried herein may be configured to execute these methods,
using software, hardware and/or firmware. Thus, these meth-
ods may be described as processes and/or as algorithms.
Further, although the examples provided herein are directed
to ultra-wideband applications, it should be understood that
these same principles can be applied to any reflected energy,
including ultrasound.

[0058] For example, signals from UWB radar data that
non-invasively probes a patient’s chest may be processed to
determine information about the relative motion (e.g., relative
to the device, and/or to other biological structures such as the
chest wall). These methods may be able to extract information
on heart wall motion and changes in the chest cavity geometry
from the data to provide actionable information concerning
the presence or absence of viable blood flow and therefore
derive information that can be provided as feedback on the
application of CPR.

[0059] In one variation, a CPR algorithm may include
evaluation of blood pressure, and measurement of compres-
sions (e.g., frequency and depth). Evaluation of blood pres-
sure provides an accurate indication of the return of sponta-
neous circulation (ROSC). As used herein an evaluation of
blood pressure does not require a measurement of blood
pressure, but may instead be performed by comparing a mea-
surable value derived from reflected energy and dependent
upon heart and/or blood motion with a reference value that is
derived from a known blood pressure. However, in some
variations, the device or system (e.g., using a processor) may
be used to determine an estimate of blood pressure, or an
estimate of a blood pressure range (e.g., above or below a
blood pressure value).

[0060] To test for ROSC, a device including a sensor for
emitting energy and detecting reflected energy collects data
from the patient during a short pause in compressions being
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applied while performing CPR. In some variations the pause
may be signaled to the rescuer by audible and/or visual indi-
cators on the sensor or on resuscitation equipment in commu-
nication (wired or wireless) with the sensor. In some varia-
tions the pause is automatically detected by the sensor. The
length of the pauses and intervals between pauses may be
under control of the device (e.g., the processor), allowing the
sensor to be easily updated as AHA guidelines evolve. For
example, firmware on the sensor may be updated to modify
any of the methods described herein.

[0061] During a pause, the sensor may reduce the scan
range of the radar to focus on the heart with typical scan
ranges of 1-5 ¢cm for children under eight years of age and
2-10 cm for children over eight years of age and adults. These
range intervals ensure that the anterior wall of the heart is
within the range of the radar. Thus, in some variations the
device may include a switch or other control to select infant/
child/youth/adult or simply patient size (small/medium/
large).

[0062] This focused data may be first filtered to remove all
static returns and isolate the motion data within an appropri-
ate frequency range of interest, typically corresponding to 30
BPM to 150 BPM. If motion data within the range of expected
rates 1s not detected, the device may indicate that there is no
heart activity and immediately signal the rescuer to resume
compressions. If motion data within the range of expected
rates is detected, the data containing heart wall motion may be
processed to provide information on the changes in the
patient’s blood pressure. An ROSC determining algorithm
may compare the results to a threshold previously selected to
determine if the motion corresponds to blood pressure is
above or below the threshold. For CPR, the threshold may be
set to 60 mmHg systolic, where pressures below this limit
implies a lack of viable circulation and pressures above this
limit implies a return of spontaneous circulation. This infor-
mation allows rescuers to better direct continued aid and if
warranted, initiate advanced resuscitation protocols. The
algorithm may be composed of at least four components:
preprocessing, gross motion artifact detection, baseline
analysis, and computation of the pulse level. As a proof of
principle and for purposes of FIGS. 4-7, an algorithm was
developed in Matlab and results calculated by post-process-
ing the data. However, a processor may be configured to
perform a similar method as part of an embedded platform for
real-time functionality.

[0063] Regarding FIGS. 4-7, the algorithm used to generate
these examples was developed with data collected from a
series of IACUC-approved experiments using a porcine
model. Data was collected from the animals while cardiac
rate and contractility state were varied using pacing and phar-
macological agents. The data was processed to determine
features within the radar signal that differentiate between
cardiac motion associated with a palpable carotid pulse and
no palpable carotid pulse. The reference device in these stud-
ies was an arterial BP line, and the reference threshold used
for determining viable carotid pulse was set to 60 mmHg
systolic, corresponding to a palpable carotid pulse typically
indicative of viable circulation. The blood pressure algorithm
was based on spectral techniques and included the develop-
ment of a statistical model that was evaluated using receiver-
operator characteristic curves (ROC) to determine an appro-
priate threshold for the radar data.
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[0064] FIG. 9 illustrates one variation of a method of test-
ing for the return of spontaneous circulation consistent with
the steps described below.

[0065] Instep 1 (“preprocessing”), a focused oversampled
data set may be first averaged over the samples within each
range bin to reduce the random noise. The resultant data
matrix may have the dimensions of range bins (rows)xtime
samples (columns), where each row of range bins corre-
sponds to a single scan across the entire anatomical region of
interest. Next, the matrix may be partitioned into time seg-
ments that overlap. For example, the matrix may be parti-
tioned into 5 second segments that overlap by 4 seconds,
resulting in 1 second of new data per 5 second segment of
data. Fach segment may then be filtered (e.g., with a moving
average filter) to further reduce high frequency noise. Once
filtered, the data may be down-sampled to reduce HF noise as
well as reduce the size of the data set to improve processing
efficiency.

[0066] Instep 2, (“motion artifact detection™), each filtered
segment may be analyzed for non-cardiac motion artifacts.
This may be accomplished by combining multiple range bins
and calculating the standard deviation of the motion rates
against a preset threshold value. If the calculated value of
standard deviation is greater than the threshold, there is either
no cardiac activity or other motion is masking the cardiac
motion. Segments with a standard deviation greater than the
threshold can be discarded. Data provided by an integrated
accelerometer can also be used to minimize the effects of
motion on the UWB signals.

[0067] In step 3 (“baseline depth calculation”), segments
with a standard deviation less than the threshold are analyzed
to determine which range bins, i.e. depths, have the strongest
cardiac returns and should be used for further processing.
This may be done by looking at the spectral content of the
signal at each discrete depth in the segment. The power spec-
tral density (PSD) of each bin can be calculated using an FET
and the mean and maximum of the PSD within the cardiac
range (e.g., 30 beats per minute (BPM) to 150 BPM) can be
determined. A quality factor of'each bin may be calculated, by
taking, for example, the ratio of amplitude of the strongest
frequency component and the mean amplitude of all fre-
quency components. Other quality factors may be used. For
example, the quality factor may be a maximum or an average
maximum, or normalized maximum, of the frequency com-
ponent. Bins with high cardiac ratios can be interpreted as
having strong cardiac signals while bins with low ratios can
be interpreted as having weak cardiac signals. The ratios may
be sorted in descending order, and the bins with the top three
ratios designated as having the best cardiac returns can be
used for all subsequent processing. The baseline depth may
be recalculated every 15 second or whenever a motion artifact
is detected, allowing the sensor to effectively compensate for
changes in the location and/or orientation of heart as well as
any drift in the electronic circuitry.

[0068] In a fourth step (“computation of the pulse
strength™), a computation of pulse strength utilizes the quality
measure previously calculated in the baseline depth calcula-
tion. The theory is that as the blood pressure drops, the ratio
of the maximum amplitude versus the mean amplitude will
approach unity, corresponding to decreased cardiac contrac-
tility. Using the data collected from numerous animal models
and analyzed through development of ROC curves, a thresh-
old for the cardiac ratio can be selected that corresponds to a
blood pressure of 60 mmHg systolic. Once the algorithm
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determines that a single segment or several consecutive seg-
ments has fallen below this threshold, the sensor can signal an
alert the rescuer using audible and/or visual indicators, indi-
cating that the blood pressure is below 60 mmHg and com-
pressions should be initiated immediately.

[0069] FIGS. 4 through 7 illustrate the results of blinded
tests with the sensor and ROSC algorithm on data collected
from porcine models. As mentioned, in some variations, it is
not necessary that the sensor and associated ROSC algorithm
calculate absolute blood pressure but instead detect changes
in blood pressure that exceed a pre-programmed threshold. In
FIG. 7, for example, an animal exhibiting normal sinus
rhythm was placed into ventricular fibrillation (VF), and sub-
jected to a first defibrillation shock, but did not recover and
was given a second defibrillation shock 13 seconds after the
first shock, after which it finally recovered. The trace pro-
duced by the UWB medical sensor accurately cataloged the
various cardiac states.

[0070] FIG. 4 graphically illustrates the results of the
method above when the blood pressure following CPR is
below the accepted threshold for indicating ROSC. In this
example, the quality factor ratio is calculated over time (40
sec) 403 and compared to the threshold value 401 determined
for 60 mmHg. As a result the cardiac motion would be
reported by the device as being insufficient for ROSC, and
further compressions would be indicated.

[0071] Alternatively, FIG. 5 illustrates an example where
the quality factor for the reflected energy 503 is above the
threshold over the time examined, and the device would indi-
cate that ROSC has been achieved (e.g., compressions may
stop).

[0072] FIG. 6 shows a situation in which the heart was
stopped, and then re-started, to compare the sampled and
analyzed reflected energy readings 603 with an actual Arterial
Blood Pressure signal (ABP) 605. As shown, during the
period where the heart was stopped, the reflected energy
reading was primarily below the threshold (-0.6) determined
from 60 mmHg; after the heart rate was restored, the value of
the quality factor determined from the reflected energy of the
heart was above this threshold.

[0073] As mentioned, FIG. 9 illustrates one example of a
method forindicating ROSC. A device or system as described
herein can perform this method. The four steps described
above may be incorporated into this method. For example,
UWRB reflected information may be collected and filtered, and
organized into a 3D array by depth and time and repetition
number. The power spectral density may then be calculated,
and standard deviations determined from this data. The bins
may then be analyzed to determine if the standard deviation is
above or below a threshold; if they are above, they may be
discarded (if all of them are above, there the test for ROSC
fails, and the device may so indicate). A PSD quality factor
measurement may be made for the bins that have a
SD<threshold and the bins may be ranked by this quality
factor. The quality factor (QF) for the best bins (e.g., highest
ranking by power spectral density or otherwise) may be com-
pared to a threshold that corresponds to a predetermined
blood pressure value accepted as a threshold for determining
ROSC. For example, the threshold value may correspond to
the value of a typical (average) QF when the blood pressure is
60 mmHg systolic. If the best of the quality factors is greater
than this threshold then the ROSC has been achieved and the
device may indicate this; if not, the device may instead notify
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the user to continue compressions. This process may be reit-
erated/repeated for some predetermined time period (e.g., 5
sec, 10 sec, 20 sec, 30 sec).

[0074] The devices and systems described herein may also
include methods of determining the quality (e.g., depth) or
frequency of compressions being applied during CPR. For
example, the devices may also be configured to determine
compression frequency and/or depth by measuring the actual
movement of the chest and/or heart, rather than the motion of
the hands or device.

[0075] For example, described herein are methods of ana-
lyzing compression. Compression algorithms to measure the
rate and depth of compression may be relatively simple, and
may take advantage of some of the same steps/processes
described above for determining ROSC. In some variations
the device may be configured to collect data from the patient
for evaluation of compressions outside the time frame of the
pauses in compressions used to determine the presence or
absence of spontaneous circulation (e.g., while performing
compressions). Audible and/or visual indicators on the sensor
or on resuscitation equipment in communication (wired or
wireless) with the device may signal the rescuer to initiate
compressions. During this time, data may be continuously
collected across an expanded range of depths and processed
to measure the rate and depth of compressions, providing
unique audible and/or visual indicators that assist the rescuer
in optimizing the compressions to better meet the AHA rec-
ommendations. Unlike the ROSC algorithm, this algorithm
may not focus exclusively on the heart and instead may use an
expanded range of depths to gather motion data from a large
volume of the chest, increasing accuracy and minimizing the
effects of external factors. The compression algorithm con-
sists of three main components—preprocessing, compression
rate calculation, and displacement calculation.

[0076] A first step of this method, (“preprocessing”) may
be very similar to the preprocessing performed by the ROSC
algorithm except that down sampling is consistently applied
to the time domain data. Down sampling may reduce the
amount of data, allowing the processor to run at slower speeds
and conserve power. This reduction in data is possible with
the extreme strength of the compression returns.

[0077] In a second step (“compression rate calculation”)
the PSD may be calculated for the filtered and segmented data
produced by the preprocessor for each range bin or depth. A
peak detector may determine the frequency component with
the maximum amplitude for each of the range bins and the
mean and standard deviation of the strongest frequency com-
ponents across all bins are calculated. The mean represents
the compression rate while the standard deviation provides a
confidence factor to help minimize the effects of external
motion.

[0078] In a third step (“displacement calculation™), a dis-
placement calculation may be performed on the filtered and
down sampled data produced by the preprocessor. The algo-
rithm may use the compression rate calculated by the ROSC
algorithm to isolate a segment of data corresponding to a
period of time approximately 10% greater than the compres-
sion interval and containing all range bins over that interval.
This segment may be processed with a cross-correlation
operation to identify the maximum shift of the static return
pattern generated by the internal organs in the chest due to the
compressions. The range bin shift may be converted to a
displacement in centimeters using the average dielectric of
the chest and the width of the range bins. This process can be
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repeated continuously and two or more results can be aver-
aged to smooth out the feedback to the rescuer, minimizing
over-compensation by the rescuer. Enhancements to the dis-
placement algorithm could allow calculation of additional
compression-related metrics, such as relaxation time.

[0079] FIG. 8 illustrates a 2-dimensional plot of the range
bin data during mechanical compressions on a porcine model
after ventricular fibrillation was induced. In the plot, the
x-axis is increasing depth and the y-axis is increasing time.
Several features from this example include: (1) there are a
total of 14 compressions; (2) the first two compressions are
followed by a short pause which in turn is followed by 12
compressions; and (3) the impact of the compressions is
clearly visible through the range bins.

[0080] In this example, a mechanical thumper was set to a
displacement of 1 cm and, using the radar data, the algorithm
calculated a displacement of 1.08 cm, representing an error of
8%. This error is probably within acceptable limits and is
most likely due to the limited timing resolution used in this
series of experiments, slight inaccuracies in the dielectric
model used in the calculations, and the fact that the deforma-
tion of organs by the compressions is not uniform throughout
the chest. Further analysis and experiments should lead to
lower errors.

[0081] FIGS. 10 and 11 illustrate variations of methods for
determining compression rate (CR) and methods for deter-
mining compression strength (CS), respectively. The meth-
ods are very similar, as the resulting compression rate and/or
compression strength may be used to inform the rescuer how
to modify the CPR being applied while in real time.

[0082] Thus, ultra-wideband medical radar technology is
capable of providing real-time, accurate information on the
quality of chest compressions as well as the presence or
absence of spontaneous circulation. This information may be
critical for managing the application of CPR and cardiac
resuscitation. The devices (including sensors) described
herein and the associated algorithms, in combination with
appropriate control and user interface software/hardware/
firmware, can result in a small, rugged CPR guidance tool
capable of providing timely feedback to the rescuer during the
application of CPR.

[0083] Insome variations, the devices could be designed as
a low cost, stand-alone device appropriate for mass distribu-
tion to first responders (EMT, police, fire), schools, busi-
nesses, and participants in first aid/CPR courses. In addition,
the technology could be embedded into gurneys, mechanical
thumpers, vital signs monitoring equipment and defibrilla-
tors, including defibrillation patches/paddles. In laboratory
tests of prototype devices similar to those described above,
device operation was unaffected by cardio conversion shocks
applied directly to the case of the device by an FDA approved
and commercially available defibrillator.

[0084] When UWB is used as the energy and detection
modality, the UWB antennas can be separated from the core
circuitry by cables, allowing the antennas to be incorporated
into a single-use patch or other medical fixtures, or they could
be integrated into the devices. Internal memory could store
the data from an entire resuscitation procedure to allow post-
treatment review to improve training, device functioning, or
any other evidentiary need. A wireless link may be used to
allow real-time streaming of the data to a hospital for review
by healthcare professionals, retrieval of the data after an
event, as well as updates to the sensor firmware.
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[0085] The devices described herein do not require direct
contact of any conductive surfaces with the patient, allowing
them to be completely encased in a fluid resistant case,
enabling easy cleaning and minimizing the potential for con-
tamination. If hermetically encased, the device’s battery
could be recharged using conductive contacts embedded into
the case surface or via standard inductive charging circuitry.
As optimal hand placement for CPR is on the sternum above
the xiphoid, the case could be designed to take advantage of
the shape of the xiphoid and nearby ribs and intercostal spaces
to assist with placement of the sensor. It could also incorpo-
rate openings or manifolds to help caregivers place other
medical devices or equipment. For example, a manifold port
could be incorporated into the case to assist with placement
and management of a sternal intraosseous infusion (10)
device.

[0086] Other sensor technologies could be incorporated
with the UWB medical radar technology to provide addi-
tional medical data, improve accuracy, and/or reduce the
potential for interference. For example, the addition of an
accelerometer or gyroscope, both available in miniature, sur-
face mount technology, could provide additional information
on compressions as well as patient motion. Similarly, incor-
poration of ECG technology could provide information on
the electrophysiology of the heart.

[0087] When a feature or element is herein referred to as
being “on” another feature or element, it can be directly on the
other feature or element or intervening features and/or ele-
ments may also be present. In contrast, when a feature or
element is referred to as being “directly on” another feature or
element, there are no intervening features or elements
present. It will also be understood that, when a feature or
element is referred to as being “connected”, “attached” or
“coupled” to another feature or element, it can be directly
connected, attached or coupled to the other feature or element
or intervening features or elements may be present. In con-
trast, when a feature or element is referred to as being
“directly connected”, “directly attached” or “directly
coupled” to another feature or element, there are no interven-
ing features or elements present. Although described or
shown with respect to one embodiment, the features and
elements so described or shown can apply to other embodi-
ments. It will also be appreciated by those of skill in the art
that references to a structure or feature that is disposed “adja-
cent” another feature may have portions that overlap or undet-
lie the adjacent feature.

[0088] Terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. For example, as used herein, the
singular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, steps, operations,
elements, components, and/or groups thereof. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items and may be abbreviated as
“pr

[0089] Spatially relative terms, such as “under”, “below”,
“lower”, “over”, “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
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the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if a device in the figures
is inverted, elements described as “under” or “beneath” other
elements or features would then be oriented “over” the other
elements or features. Thus, the exemplary term “under” can
encompass both an orientation of over and under. The device
may be otherwise oriented (rotated 90 degrees or at other
orientations) and the spatially relative descriptors used herein
interpreted accordingly. Similarly, the terms “upwardly”,
“downwardly”, “vertical”, “horizontal” and the like are used
herein for the purpose of explanation only unless specifically
indicated otherwise.

[0090] Although the terms “first” and “second” may be
used herein to describe various features/elements, these fea-
tures/elements should not be limited by these terms, unless
the context indicates otherwise. These terms may be used to
distinguish one feature/element from another feature/ele-
ment. Thus, a first feature/element discussed below could be
termed a second feature/element, and similarly, a second
feature/element discussed below could be termed a first fea-
ture/element without departing from the teachings of the
present invention.

[0091] As used herein in the specification and claims,
including as used in the examples and unless otherwise
expressly specified, all numbers may be read as if prefaced by
the word “about” or “approximately,” even if the term does
not expressly appear. The phrase “about” or “approximately”
may be used when describing magnitude and/or position to
indicate that the value and/or position described is within a
reasonable expected range of values and/or positions. For
example, anumeric value may have a value that is +/-0.1% of
the stated value (or range of values), +/—1% of the stated value
(or range of values), +/-2% of the stated value (or range of
values), +/-5% of the stated value (or range of values),
+/-10% of the stated value (or range of values), etc. Any
numerical range recited herein is intended to include all sub-
ranges subsumed therein.

[0092] Although wvarious illustrative embodiments are
described above, any of a number of changes may be made to
various embodiments without departing from the scope of the
invention as described by the claims. For example, the order
in which various described method steps are performed may
often be changed in alternative embodiments, and in other
alternative embodiments one or more method steps may be
skipped altogether. Optional features of various device and
system embodiments may be included in some embodiments
and not in others. Therefore, the foregoing description is
provided primarily for exemplary purposes and should not be
interpreted to limit the scope of the invention as it is set forth
in the claims.

[0093] The examples and illustrations included herein
show, by way of illustration and not of limitation, specific
embodiments in which the subject matter may be practiced.
As mentioned, other embodiments may be utilized and
derived there from, such that structural and logical substitu-
tions and changes may be made without departing from the
scope of this disclosure. Such embodiments of the inventive
subject matter may be referred to herein individually or col-
lectively by the term “invention” merely for convenience and
without intending to voluntarily limit the scope of this appli-
cation to any single invention or inventive concept, if more
than one is, in fact, disclosed. Thus, although specific

Jun. 18,2015

embodiments have been illustrated and described herein, any
arrangement calculated to achieve the same purpose may be
substituted for the specific embodiments shown. This disclo-
sure is intended to cover any and all adaptations or variations
of various embodiments. Combinations of the above embodi-
ments, and other embodiments not specifically described
herein, will be apparent to those of skill in the art upon
reviewing the above description.

What is claimed is:

1. A device for determining the return of spontaneous cir-
culation (ROSC) when applying cardiopulmonary resuscita-
tion (CPR), the device comprising:

a surface configured to be placed against a patient’s chest;

an energy emitter and energy detector configured to emit
energy from the surface into the patient;

a processor coupled to the energy detector and energy
emitter and configured to evaluate blood pressure from
energy returning from the patient after being emitted
into the patient; and

an output configured to indicate the ROSC based on the
blood pressure evaluation of the processor.

2. The device of claim 1, further comprising a sealed hous-

ing including the surface.

3. The device of claim 1, wherein the energy emitter and
detector comprise an ultra-wideband (UWB) transmitter and
receiver configured to emit energy into a patient and to receive
reflected energy.

4. The device of claim 1, wherein the emitter and receiver
comprise a single antenna.

5. The device of ¢laim 1, wherein the emitter and receiver
comprise separate transmitting and receiving antennas.

6. The device of claim 1, wherein the processor is config-
ured to evaluate blood pressure based on the time-of-flight of
energy returning from the patient after being emitted into the
patient.

7. The device of claim 1, wherein the processor evaluates
blood pressure by determining an estimate of pulse strength
from the energy returning from the patient after being emitted
into the patient and compares this estimate to a threshold
correlated with a known blood pressure.

8. The device of claim 1, wherein the processor is config-
ured to evaluate blood pressure by determining one or more
regions showing cardiac activity based on the power spectral
density of the regions and using these regions to evaluate
blood pressure.

9. The device of claim 1, wherein the processor is further
configured to determine compression rate based on energy
returning from the patient after being emitted into the patient.

10. The device of claim 1, wherein the processor is further
configured to determine compression depth based on energy
returning from the patient after being emitted into the patient.

11. The device of claim 1, wherein the processor is config-
ured to automatically evaluate blood pressure when compres-
sions are not being applied.

12. The device of claim 1, wherein the output comprises a
notification that that the patient has or has not returned to
spontaneous circulation.

13. The device of claim 1, wherein the output comprises
one or more of: a visual output, an audible output or a tactile
output.

14. The device of claim 1, wherein the output comprises
one or more visual indicators.

15. The device of claim 1, wherein the device is configured
as a defibrillator.
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16. The device of claim 1, wherein the device is configured
as a mechanical compression device.

17. A device for determining the return of spontaneous
circulation (ROSC) when applying cardiopulmonary resus-
citation (CPR), the device comprising:

a surface configured to be placed against a patient’s chest;

an energy emitter and energy detector configured to emit
energy from the surface into the patient;

a processor coupled to the energy detector and energy
emitter and configured to evaluate blood pressure from
energy returning from the patient after being emitted
into the patient; and

an output configured to indicate the ROSC and to guide
compression based on the processor’s evaluation of
energy returning from the patient after being emitted
into the patient.

18. A device for determining the return of spontaneous
circulation (ROSC) when applying cardiopulmonary resus-
citation (CPR), the device comprising:

an ultra-wideband (UWB) transmitter and receiver config-
ured to emit energy into a patient and to receive reflected
energy;

a processor coupled to the UWB transmitter and receiver
detector and energy emitter and configured to evaluate
blood pressure based on the time-of-flight of the
reflected energy returning from the patient; and

an output configured to indicate the ROSC and to guide
compression based on the processor’s evaluation of the
time-of-flight of the reflected energy.

19. A method of determining the return of spontaneous
circulation (ROSC) when applying cardiopulmonary resus-
citation (CPR), the method comprising:

placing a device against the patient’s chest, wherein the
device comprises an energy emitter and energy detector
configured to emit energy from the surface into the
patient and a processor coupled to the energy detector
and energy emitter;

performing CPR on the patient;

emitting energy from the device into the patient’s chest;

detecting energy reflected from the patient’s chest;
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evaluating the patient’s blood pressure from the energy

reflected from the patient’s chest; and

indicating based on the evaluated blood pressure if the

patient has returned to spontaneous circulation.

20. The method of claim 19, wherein placing the device
comprises placing the device on the patient’s chest before
initiating CPR.

21. The method of claim 19, wherein emitting energy from
the device comprises emitting ultra-wideband radio fre-
quency energy into the patient.

22. The method of claim 19, wherein detecting energy
reflected from the patient’s chest comprises sampling a dif-
ferent times to determine values at different depths into the
body.

23. The method of claim 19, wherein evaluating the
patient’s blood pressure comprises determining time-of-
flight of the reflected energy.

24. The method of claim 19, wherein evaluating the
patient’s blood pressure from the energy reflected from the
patient’s chest comprises estimating when compressions are
not being applied.

25. The method of claim 19, wherein evaluating the
patient’s blood pressure from the energy reflected from the
patient’s chest comprises determining an estimate of pulse
strength from the reflected energy and comparing the esti-
mate of pulse strength to a threshold correlated with a known
blood pressure.

26. The method of claim 19, wherein evaluating the
patient’s blood pressure from the energy reflected from the
patient’s chest comprises evaluating blood pressure by deter-
mining one or more regions showing cardiac activity based on
the power spectral density of the regions and using these
regions to evaluate blood pressure.

27. The method of claim 19, further comprising determin-
ing compression rate based on the reflected energy, and out-
putting an indicator of compression rate.

28. The device of claim 19, further comprising determining
compression depth based on the reflected energy, and output-
ting an indicator of compression depth.
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