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Description
BACKGROUND

[0001] Cardiopulmonary resuscitation (CPR)is a med-
ical procedure performed on patients to maintain some
level of circulatory and respiratory functions when pa-
tients otherwise have limited or no circulatory and respi-
ratory functions. CPR is generally not a procedure that
restarts circulatory and respiratory functions, but can be
effective to preserve enough circulatory and respiratory
functions for a patient to survive until the patient’s own
circulatory and respiratory functions are restored. CPR
typically includes frequent torso compressions that usu-
ally are performed by pushing on or around the patient’s
sternum while the patient is lying on the patient’s back.
For example, torso compressions can be performed as
at a rate of about 100 compressions per minute and at a
depth of about 5 cm per compression for an adult patient.
The frequency and depth of compressions can vary
based on a number of factors, such as valid CPR guide-
lines.

[0002] Mechanical CPR has several advantages over
manual CPR. A person performing CPR, such as a med-
ical first-responder, must exert considerable physical ef-
fort to maintain proper compression timing and depth.
Over time, fatigue can set in and compressions can be-
come less consistent and less effective. The person per-
forming CPR must also divert mental attention to per-
forming manual CPR properly and may not be able to
focus on other tasks that could help the patient. For ex-
ample, a person performing CPR at a rate of 100 com-
pressions per minute would likely not be able to simulta-
neously prepare a defibrillator for use to attempt to restart
the patient’s heart. Mechanical compression devices can
be used with CPR to perform compressions that would
otherwise be done manually. Mechanical compression
devices can provide advantages such as providing con-
stant, proper compressions for sustained lengths of time
without fatiguing, freeing medical personnel to perform
other tasks besides CPR compressions, and being usa-
ble in smaller spaces than would be required by a person
performing CPR compressions. W02009/136831 dis-
closes a mechanical CPR device, comprising: a piston
having a suction cup attached to an end thereof; a driving
component configured to extend the piston toward a pa-
tient’s torso and to retract the piston away from the pa-
tient’s torso; and a controller configured to determine a
reference position by controlling the driving component
to at least: extend the piston until a first position at which
the suction cup comes into contact with the patient’s tor-
so, further extend the piston to cause air to be forced out
from an area between the suction cup and the patient’s
torso until a first threshold is reached, retract the piston
until the suction cup is at the first position, wherein the
controller is further configured to perform mechanical
CPR by controlling the driving component to at least:
compress the patient’s torso by extending the piston to
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a depth and retracting the piston from the depth.
SUMMARY

[0003] According to the invention, a device as claimed
in claim 1 is provided.

[0004] The mechanical CPR device includes a piston
having a suction cup attached to an end thereof, a driving
component configured to extend the piston toward a pa-
tient’s torso and retract the piston away from the patient’s
torso, and a controller.The controller determines a refer-
ence position by at least controlling the driving compo-
nent to extend the piston until a first position at which the
suction cup comes into contact with the patient’s torso,
further extend the piston to cause air to be forced out
from an area between the suction cup and the patient’s
torso until a first threshold is reached, retract the piston
until the suction cup is at the first position, further retract
the piston from the first position until a second threshold
is exceeded, and extend the piston to a second point at
which the second threshold is no longer exceeded, the
reference position being based at least in part on the
second point. The controller performs mechanical CPR
by controlling the driving component to compress the pa-
tient’s torso by extending the piston from the reference
position to a depth and retracting the piston from the
depth to the reference position, and actively decompress
the patient’s torso by retracting the piston from the ref-
erence position to a height above the reference position.
As used in this context, to actively decompress, an ex-
ternalforce is applied to the patient’s torso to decompress
the torso above the torso’s natural resting position and/or
above a reference position that is above the torso’s nat-
ural resting position, as opposed to merely discontinuing
the externally applied force and allowing the torso to ex-
pand by the natural resiliency of the torso. In one em-
bodiment, the torso can be lifted up to 10% beyond the
torso’s natural resting position to actively expand the pa-
tient’s torso during decompression.

[0005] In some examples, the controller can be con-
figured to compress the patient’s torso and actively de-
compress the patient’s torso in a cycle based on a fre-
quency. The frequency can be a predetermined frequen-
cy or a frequency entered by a user into the mechanical
CPR device. The depth can be a predetermined depth,
a depth entered by a user into the mechanical CPR de-
vice, or a depth based on a force used to compress the
patient's torso. The height can be a predetermined
height, a height entered by a user into the mechanical
CPR device, or a height based on a force used to actively
decompress the patient’s torso.

[0006] In other examples, the first threshold can be a
force threshold and the mechanical CPR device can also
include a force sensor to sense the force applied by the
piston to cause air to be forced out from an area between
the suction cup and the patient’s torso. The second
threshold can be a force threshold and the mechanical
CPR device can also include a spring activation sensor
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configured to signal when the piston has been extended
to exceed the second threshold. The spring activation
sensor can also stop signaling when the piston has been
extended to the second point at which the second thresh-
old is no longer exceeded. One or both of the first and
second thresholds can be a pressure threshold, and the
mechanical CPR device can further include a pressure
sensor configured to sense pressure in the area between
the suction cup and the patient’s torso. The controller
can determine the reference position in response to the
mechanical CPR device receiving a user input. The con-
troller can also determine the reference position a pre-
determined number of times before performing mechan-
ical CPR.

[0007] According to the invention, a suction cup on the
end of a piston of a mechanical CPR device is automat-
ically attached to a patient’s torso. The mechanical CPR
device extends the piston until a first position at which
the suction cup comes into contact with the patient’s tor-
so. The pistonis further extended to cause air to be forced
out from an area between the suction cup and the pa-
tient’s torso until a first threshold is reached. The piston
is retracted until the suction cup is at the first position.
The piston is further retracted from the first position until
a second threshold is exceeded. The piston is then ex-
tended to a second point at which the second threshold
is no longer exceeded.

[0008] In one example, each of the first and second
thresholds is at least one of a force threshold, a distance
threshold, or a pressure threshold. The mechanical CPR
device can include a spring activation sensor to signal
when the piston has been extracted to exceed the thresh-
old. The spring activation sensor can stop signaling when
the piston has been extended to the second point at which
the threshold is no longer exceeded.

[0009] Mechanical CPR is performed by the mechan-
ical CPR device. The mechanical CPR device automat-
ically attaches a suction cup of the mechanical CPR de-
vice to a patient’s torso, automatically determines a ref-
erence position of the suction cup, extends the piston
from the reference position to a particular depth below
the reference position, retracts the piston from the par-
ticular depth to a particular height above the reference
position, and extends the piston from the particular height
to the reference position.

[0010] Extendingthe pistonfromthe reference position
to the particular depth and retracting the piston from the
particular depth to the reference position causes com-
pression of the patient’s torso, and retracting the piston
fromthe reference position to the particular height causes
active decompression of the patient’s torso. The com-
pression of the patient’s torso and the active decompres-
sion of the patient’s torso can be performed a number of
times in a cycle. The cycle can be performed based on
a frequency, where the frequency is either a predeter-
mined frequency or a frequency entered by a user into
the mechanical CPR device. The particular depth can be
a predetermined depth, a depth entered by a user into
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the mechanical CPR device, or a depth based on a force
used to compress the patient's torso. The particular
height can be a predetermined height, a height entered
by a user into the mechanical CPR device, or a height
based on a force used to actively decompress the pa-
tient’s torso.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Throughout the drawings, reference numbers
may be re-used to indicate correspondence between ref-
erenced elements. The drawings are provided to illus-
trate example embodiments described herein and are
not intended to limit the scope of the disclosure.

Figures 1A and 1B depict an isometric view and a
side view, respectively, of one embodiment of a me-
chanical CPR device.

Figures 2A, 2B, 2C, 2D, 2E, and 2F depict a system
and a method for automatically attaching a suction
cup of the mechanical CPR device to a patient’s torso
and automatically determining a reference position
for a piston with respect to a patient’s torso.

Figure 3 depicts an example of a method of auto-
matically attaching a suction cup of a mechanical
CPR device to a patient’s torso and of automatically
determining a reference position for a piston with re-
spect to a patient’s torso.

Figures 4A, 4B, 4C, 4D, and 4E depict a system and
method of performing one cycle of mechanical CPR
that includes both compression and active decom-
pression.

Figure 5 depicts an example of a method of perform-
ing one cycle of mechanical CPR that includes both
compression and active decompression.

Figures 6A, 6B, and 6C depict different wave forms
representing positions of a piston with respect to a
reference position during compression and decom-
pression of a patient’s torso.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0012] Mechanical CPR compression devices can pro-
vide many advantages over manual CPR compressions.
Mechanical CPR compression devices can include a
back plate that is placed behind the back of the patient
and a compression device located above the patient’s
sternum area. The compression device can be connect-
ed to the back plate on both sides of the patient. When
the compression device pushes against the area around
the patient’s sternum, the back plate provides resistance
that allows the compression device to compress the pa-
tient’s torso. Such mechanical CPR compression devic-
es surround the user’s torso, such as in the case of a
mechanical CPR device with a back plate behind the pa-
tient's back, a compression device above the patient’s
sternum, and legs along both sides of the user’s torso.
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[0013] Figures 1A and 1B depict an isometric view and
a side view, respectively, of one embodiment of a me-
chanical CPR device 100. The mechanical CPR device
100 includes a lower portion 110 and an upper portion
120. The lower portion 110 can be in the form of a back
plate that can be placed under the back of a patient. The
upper portion 120 can have a main portion 121 and two
legs 122 and 123. Each of the legs 122 and 123 can be
releasably connected to one of the sides of the lower
portion 110. ltems that are releasably connected are eas-
ily disconnected by a user, such as connections that can
snap in and snap out, connections that do not require the
use of tools to disconnect, quick-release connections
(e.g., push button release, quarter-turn fastener release,
lever release, etc.), and the like. Items are not releasably
connected if they are connected by more permanent fas-
teners, such as rivets, screws, bolts, and the like. In the
embodiment shown in Figures 1A and 1B, the legs 122
and 123 are rotatably attached to the main portion 121
about axes 124 and 125, respectively. However, in other
embodiments, the legs 122 and 123 can also be fixed
with respect to the main portion 121.

[0014] The main portion 121 can include a piston 126
with an end 127. The end 127 can be blunt, contoured,
or otherwise configured to interact with a patient’s torso.
The end 127 can also have a suction cup that can tem-
porarily attach to a patient’s torso. The main portion 121
can include other components. For example, the main
portion 121 can include a driving component, such as a
motor or actuator, that can extend and retract the piston
126. The main portion 121 can include a power source,
such as a rechargeable battery, that can provide power
for the driving component. The main portion 121 can also
include a controller that can control the movement of the
piston 126 by controlling the driving component. In one
embodiment, the controller can include a processor and
memory, and the memory stores instructions that can be
executed by the processor. The instructions can include
instructions for controlling the piston 126 by controlling
the driving component. The main portion 121 can also
include one or more sensors that can provide inputs to
the controller. The one or more sensors can include one
or more of a force sensor to sense a force exerted by the
piston 126, a spring sensor to sense a displacement of
the piston 126, a current sensor to sense an amount of
current drawn by the driving component, or any other
type of sensor. The main portion 121 can also include
one or more user input mechanisms, such as buttons,
keys, displays, and the like. A user can input information
to adjust the operation of the mechanical CPR device
100, such as a depth of compressions, a frequency of
compressions, a maximum exertion force by the piston
126, and the like.

[0015] In addition to the mechanical CPR device 100,
Figure 1B also depicts a cross section of a patient’s torso
130 with the patient’s back against the lower portion 110
and the patient’s chest facing the piston 126. While in
the configuration depicted in Figure 1B, the piston can
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be extended to the patient’s torso 130, compress the pa-
tient’'s torso 130, and retract from the patient’s torso. This
process, wherein the piston 126 compresses the pa-
tient’s torso 130 and is then retracted from the patient’s
torso, can be performed repeatedly to mechanically per-
form CPR.

[0016] Figures 2A to 2F depict embodiments of a sys-
tem and a method for automatically attaching a suction
cup of the mechanical CPR device 220 to a patient’s torso
210 and automatically determining a reference position
for a piston with respect to a patient’s torso 210. Figures
2A to 2F depict a portion of a mechanical CPR device
220 thatincludes a piston 221. The end of the piston 221
includes a suction cup 222. The depictions in Figures 2A
to 2F show cross sectional views of the mechanical CPR
device 220, the piston 221, and the suction cup 222. The
mechanical CPR device 220 could also include other
components that are not depicted in Figures 2A to 2F,
such as a back plate, legs to couple the depicted portions
of the mechanical CPR device 220 to the back plate, and
the like.

[0017] InFigure 2A, the piston is fully retracted into the
mechanical CPR device 220. In this position the suction
cup 222 is not in contact with the patient’s torso 210.
From the position depicted in Figure 2A, the piston 221
can be extended until the piston 221 is in the position
depicted in Figure 2B where the suction cup 222 is in
contact with the patient’s torso 210. The piston 221 can
be extended by a driving component, such as a motor or
an actuator, in the mechanical CPR device 220. A con-
troller in the mechanical CPR device 220 can also control
the driving component.

[0018] From the position depicted in Figure 2B, the pis-
ton 221 can be further extended toward the patient’s torso
210 until a threshold is reached so that air is forced out
from the lower side of the suction cup 222, such as in the
position depicted in Figure 2C. In one example, the
threshold can be a force threshold and the controller in
the mechanical CPR device 220 can measure the force
exerted by the piston 221 as the air is forced out from
the lower side of the suction cup 222. Once the force
exerted on the by the piston 221 reaches the force thresh-
old, the controller can stop the piston 221 from being
extended any further. In another example, the threshold
can be a distance threshold and the controller in the me-
chanical CPR device 220 can measure the distance trav-
elled by the piston 221 as the air is forced out from the
lower side of the suction cup 222. Once the distance trav-
elled by the piston 221 reaches the distance threshold,
the controller can stop the piston 221 from being extend-
ed any further. In yet another example, the threshold can
be apressure threshold and a pressure sensor can sense
the pressure in the area between the suction cup 222
and the patient’s torso 210. As the air is forced out from
the lower side of the suction cup 222, the pressure sensor
will sense a reduction in pressure. Once the pressure
reaches the pressure threshold, the controller in the me-
chanical CPR device 220 can stop the piston 221 from
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being extended any further. In any of these examples,
the patient’s torso 210 may be compressed to some ex-
tentasthe piston 221 is extended, such as in the depiction
in Figure 2C. At the point depicted in Figure 2C, the suc-
tion cup 222 is attached to the patient’s torso 210 from
the vacuum created by the air forced out of the lower side
of the suction cup 222.

[0019] Fromthe position depictedin Figure 2C, the pis-
ton 221 can be retracted to the position depicted in Figure
2D where the suction cup 222 originally came into contact
with the patient’s torso 210. From the position depicted
in Figure 2D, the piston 221 can be further retracted until
the point depicted in Figure 2E where the piston 221
reaches a second threshold. The second threshold can
be aforce threshold, such as a force exerted when pulling
up on the patient’s torso 210. This second threshold can
be measured by a spring activation sensor or other force
sensor. For example, the piston 221 can be retracted
until the spring activation sensor is activated and then
the driving component can stop retracting the piston 221.
From the position depicted in Figure 2E, the piston 221
can be slowly extended back toward the patient’s torso
210 until the location depicted in Figure 2F where the
piston 221 no longer exceeds the second threshold. At
this position, the location of the suction cup 222 can de-
fine a reference position 230 for the piston 221.

[0020] As described in greater detail below, the refer-
ence position 230 is a position from which the depth of
CPR compressions and the height of CPR decompres-
sions. are measured. Defining and using reference po-
sition 230 as a position from which to measure the depth
of CPR compressions and the height of CPR decompres-
sions can help to avoid unintended injury to a patient.
For example, a manual CPR device can be placed on a
patient’s torso and a user can manually push or pull on
the manual CPR device to cause compressions or de-
compressions. However, the user of the manual CPR
device does not have any reference position from which
to measure the depth of compressions or the height of
decompressions. Without a reference position, the user
can cause additional injuries to the patient. For example,
if the user pushes the manual CPR device down too far
into the patient’s chest during a compression, the com-
pression might break one or more of the patient’s ribs.
When one or more of the patient’s ribs are broken, it may
be easier to compress the patient’'s chest and a subse-
quent compression by user of the manual CPR device
can cause even more of the patient’s ribs to be broken,
and injury to the patient’s internal organs. In contrast,
establishing reference position 230 with respect to the
patient’s torso 210 can prevent CPR compressions from
extending too deep. Moreover, even if one injury does
occur (e.g., the breaking of a patient’s rib), the reference
position 230 will not change and the likelihood that a sub-
sequent compression will cause even further injury can
be reduced.

[0021] In addition to merely using a reference position
230, establishing a proper location for the reference po-
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sition 230 can also help to avoid unintended injury to a
patient. Retracting the piston 221 until the second thresh-
old is exceeded and then extending the piston 221 until
the second threshold is no longer exceeded (as shown
in Figures 2E and 2F) can establish a reference position
230 that is closer to the natural resting position of the
patient’s torso 210. Using a reference position 230 that
is close to the natural resting position of the patient’s
torso 210 can help to avoid unintended injury to a patient.
Forexample, ifthe pointat which the suction cup attached
to the patient’s torso 210 (i.e., the point shown in Figure
2C) was used as reference position, the reference posi-
tion could be too low. If CPR compressions were meas-
ured from this low reference position, the depth of CPR
compressions could cause injury such as breaking the
patient’s ribs, bruising the patient’s internal organs, and
the like. In another example, if the point at which the
second threshold is exceeded (i.e., the point shown in
Figure 2E) was used as a reference position, the refer-
ence could be too high. In such a case, the CPR com-
pressions would not extend low enough to properly com-
press the patient’s torso 210 and decompression of the
patient’s torso 210 would go higher than desired and pos-
sibly cause damage from overstretching.

[0022] Using a reference position can also be benefi-
cial in circumstances where the patient is not located in
a stable or a flat position. For example, if a patient is
being transported, such as on a stretcher or an ambu-
lance, the patient may be jostled around or otherwise not
in a stable position. However, if the mechanical CPR de-
vice is moving with the patient (e.g., if mechanical CPR
is being performed in an ambulance while the patient is
being transported), the reference position of the piston
or suction cup can remain relatively fixed with respect to
the patient and the mechanical CPR device can avoid
over-compression and over-decompression. Thus, the
benefits of avoiding unintended injury could still be real-
ized if the patient is otherwise moving. In another exam-
ple, the patient can be located in a position that is not
flat, such as if the patient is being transported down stairs
or the patient is on rough terrain. In these cases, if the
mechanical CPR device is located with the patient in the
same non-flat position, the reference position used by
the mechanical CPR device would reflect the patient’s
non-flat position and the mechanical CPR device could
avoid over-compression and over-decompression. A us-
er performing manual CPR under such conditions may
have difficulty in maintaining a desired compression
depth and/or decompression height.

[0023] A numberof other benefits canbe realized using
the process depicted in Figures 2A to 2F. One example
is that the process depicted in Figures 2A to 2F can be
used to automatically attach the suction cup 222 to the
patient’s torso 210. A controller in the mechanical CPR
device 220 can control the movements of the piston 221
to perform the entire process depicted in Figures 2A to
2F. In this way, the suction cup 222 can be attached to
the patient’s torso 210 without manual intervention by a
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user of the mechanical CPR device 220. A user can ini-
tiate the process of depicted in Figures 2A to 2F, such
as by pressing a particular button or key on the mechan-
ical CPR device 220. However, once the process depict-
ed in Figures 2A to 2F is initiated, the mechanical CPR
device 220 can automatically attach the suction cup 222
to the patient’s torso. The process depicted in Figures
2A to 2F can be repeated a number of times, such as
three times, to ensure that the suction cup 222 is attached
to the patient’s chest and/or to ensure that the reference
position 230 was determined correctly. In one embodi-
ment, the reference position 230 can be determined more
than one time and the average measurement of the lo-
cation of the reference position 230 can be used as a
reference for CPR compressions and CPR decompres-
sions. Another example is that the process depicted in
Figures 2A to 2F can define a reference position 230 of
the piston 221 with respect to the patient’s torso 210. The
reference position 230 of the piston 221 with respect to
the patient’s torso 210 may vary from patient to patient
as different patients may have torsos of different sizes.
[0024] Figure 3 depicts an example of a method 300
of automatically attaching a suction cup of a mechanical
CPR device to a patient’s torso and of automatically de-
termining a reference position for a piston with respect
to apatient’'storso. Atblock 301, a piston can be extended
until a suction cup on the end of the piston makes contact
with a patient’s torso. At block 302, the piston can be
further extended until a first threshold is reached. The
firstthreshold can be a threshold amount of force exerted
by the piston on the patient’s torso. In this instance, the
first threshold can be an amount of force that will force
air out from the lower side of the suction cup to create a
vacuum between the suction cup and the patient’s torso.
The first threshold can also be a distance threshold re-
lating to the distance travelled by the piston, a pressure
threshold relating to the pressure between the suction
cup and the patient’s torso, or any other type of threshold.
[0025] Atblock 303, the piston can be retracted beyond
the point at which the suction cup first contacted the pa-
tient’s torso until a second threshold is passed. The sec-
ond threshold can be a force threshold that is passed
when the force used to perform the active decompression
is greater than the second threshold. The second thresh-
old can also be a distance threshold relating to the dis-
tance travelled by the piston, a pressure threshold relat-
ing to the pressure between the suction cup and the pa-
tient’s torso, or any other type of threshold. The point at
which the second threshold has been passed can be sig-
naled by a spring activation sensor. Retracting the piston
in this way ensures that the suction cup is properly at-
tached to the patient’s torso. At block 304, the piston can
be extended back toward the patient’s torso until the point
that the second threshold is no longer exceeded. In the
case where a spring activation sensor is used, the spring
activation sensor signal can cease once the piston no
longer exceeds the second threshold. At block 305, the
piston can be stopped and the location of the piston at
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that point can be defined as a reference position. At this
point, the suction cup is attached to the patient’s torso
and the reference position can be used during mechan-
ical CPR for compression and active decompression.
[0026] The method 300 depicted in Figure 3 can be
performed by a mechanical CPR device. A controller in
the mechanical CPR device can be configured to perform
each of the steps depicted in method 300. The mechan-
ical CPR device can include executable instructions that,
when executed by the mechanical CPR device, cause
the mechanical CPR device to performing the method
300.

[0027] Figures 4A to 4E depict a system and method
of performing one cycle of mechanical CPR that includes
both compression and active decompression. Depicted
in Figures 4A to 4E are a patient’s torso 410 and a portion
of a mechanical CPR device 420. The mechanical CPR
device 420 includes a piston 421 and a suction cup 422
on the end of the piston 421. At the point depicted in
Figure 4A, the suction cup 422 is attached to the patient’s
torso 410. The suction cup 422 could have been auto-
matically attached to the patient’s torso 410 using a meth-
od, such as the one depicted in Figures 2A to 2F or in
Figure 3. Also at the point depicted in Figure 4A, the
suction cup 422 is located at a reference position 430.
The reference position 430 could have been automati-
cally determined using a method, such as the one de-
picted in Figures 2A to 2F or in Figure 3. While the ref-
erence position 430 can be set in automatically by the
mechanical CPR device 420, the reference position 430
can be set in in a number of other ways. For example,
the reference position 430 can be set in manually by a
user, reference position 430 can be set in by a user man-
ually adjusting the reference position 430 after an initial
automatic or manual setting of the reference position 430.
[0028] From the pointdepicted in Figure 4A, the piston
can be extended to compress the patient’s torso 410 until
it reaches the point depicted in Figure 4B. In Figure 4B,
a portion of the patient’s torso 410 has been compressed
to a depth 431. The depth 431 can be a predetermined
depth, a depth entered by a user into a user interface of
the mechanical CPR device 420, a depth based on the
force required to compress the patient’s torso 410, or any
other depth. From the point depicted in Figure 4B, the
piston can be retracted until the point shown in Figure
4C where the suction cup 422 is back at the reference
position 430.

[0029] From the point depicted in Figure 4C, the piston
can be retracted to actively decompress the patient’s tor-
so 410 until it reaches the point depicted in Figure 4C.
In Figure 4B, a portion of the patient’s torso 410 has been
actively decompressed to a height 432. The height 432
can be a predetermined height, a height entered by a
user into a user interface of the mechanical CPR device
420, a height based on the force required to actively de-
compress the patient’s torso 410, or any other depth.
From the point depicted in Figure 4D, the piston can be
extended until the point shown in Figure 4E where the



11 EP 2 952 170 B1 12

suction cup 422 is back at the reference position 430.
[0030] The cycle of compression and decompression
depicted in Figures 4A to 4E can be repeated any number
of times as part of a mechanical CPR process. The active
decompression that is part of the cycle can increase the
effectiveness of the mechanical CPR. For example, add-
ing active decompression to the mechanical CPR method
can improve the venous return flow of blood back to the
heart which canimprove the patient’s cardiac output. The
frequency with which the cycle is repeated can be a pre-
determined frequency, a frequency entered by a user
into a user interface of the mechanical CPR device 420,
or any other frequency.

[0031] Inthe cycle of compression and decompression
depicted in Figures 4A to 4E, the piston 421 does not
need to stop at each of the positions depicted in Figures
4A to 4E. For example, when the piston 421 is at the
location depicted in Figure 4B (i.e., where the suction
cup 422 has been extended to the depth 431 below the
reference position 430), the piston 421 can be retracted
without interruption from that position to the position de-
picted in Figure 4D (i.e., where the suction cup 422 has
been retracted to the height 432 above the reference
position 430). During this movement, the piston 421 will
pass through the position shown in Figure 4C (i.e., where
the suction cup 422 is at the reference position 430), but
not stop at the position shown in Figure 4C. In this way,
the position of the piston 431 during repeated cycle of
compression and decompression can be represented by
a square wave, by a sine wave, or by any other wave
pattern. In the square wave example, the piston 421 can
extendto the depth 431 below the reference position 430,
wait at the depth 431 below the reference position 430
for a time, retract from the depth 431 below the reference
position 430 to the height 432 above the reference posi-
tion 430, wait for a time, extend to the depth 431 below
the reference position 430, and so forth.

[0032] Figures 6A to 6C depict different wave forms
representing positions of a piston 601 with respect to a
reference position 603 during compression and decom-
pression of a patient’s torso 602. In the example depicted
in Figure 6A, a chart 610 plots the position of a suction
cup ofthe piston 601 overtime. The chart 610 also depicts
a height of the reference position 603. At time 601, the
suction cup of the piston 601 is at the reference point.
The piston can be extended to compress the patient’s
torso 602, as shown by downward slope 612 on the chart,
until the suction cup reaches a particular depth below
reference position 603. The position of the suction cup
at the particular depth below reference position 603 is
shown at point 613. The piston can remain in the position
shown at point 613 for a time and then be retracted, as
shown by upward slope 614, to decompress the patient’s
torso 602 until the suction cup reaches a particular height
above reference position 603. The position of the suction
cup at the particular height above reference position 603
is shown at point 615. The piston can remain in the po-
sition shown at point 615 for a time and then be extended,
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as shown by downward slope 616, to compress the pa-
tient’s torso 602 until the suction cup again reaches the
particular depth below the reference position 603. The
position of the suction cup at the particular depth below
reference position 603 is again shown at point 617. As
shown in this particular embodiment, the speeds at which
the piston is extended and retracted can be different. For
example, the downward slope 616 is steeper than the
upward slope 614, indicating that speed of extending the
piston during downward slope 616 is greater than the
speed of retracting the piston during upward slope 614.
This scenario may allow for blood to be drawn slowly into
the patient’s heart during decompression and then quick-
ly pumped out of the heart during compression. Other
speeds and differences in speeds are possible.

[0033] Figure 6B depicts a chart 620 representing
heights of a suction cup on a piston with respect to ref-
erence position 603. At point 621, the suction cup can
be located at the reference point. From there, a series of
cycles of compression and decompression proceed. The
compressions are made as the piston is extended until
the suction cup reaches a particular depth below the ref-
erence position 603, as shown by the position at point
622. The decompressions are made as the piston is re-
tracted until the suction cup reaches a particular height
above the reference position 603, as shown by the posi-
tion at point 623. In this particular embodiment, the cycles
are performed at different frequencies. For example, cy-
cles on the left side of the chart 620, such as cycle 624,
are performed at a first frequency, and cycles on the right
side of the chart 620, such as cycle 625, are performed
ata second frequency. In this particular example the sec-
ond frequency is higher than the first frequency. A low
frequency in the first part of the chart 620 and a high
frequency in the second part of the chart 620 may aid in
preventing reperfusion injury or other injuries. In addition,
the mechanical CPR machine may pause for a period,
such as the rest period 626 depicted in Figure 6B, be-
tween different frequencies of operation. Other patterns
of frequencies are possible and can be predetermined
frequencies or user-entered frequencies. In one embod-
iment, the mechanical CPR device can perform compres-
sions for a time without first defining a reference position
and then rest for a time. During the rest time, the me-
chanical CPR device can define a reference position. Af-
ter the resttime, the mechanical CPR device can perform
compressions and active decompressions using the de-
fined reference position to measure depth and height.
[0034] Figure 6C depicts a chart 630 representing
heights of a suction cup on a piston with respect to ref-
erence position 603. At point 631, the suction cup can
be located at the reference point. From there, a series of
cycles of compression and decompression proceed. The
compressions are made as the piston is extended until
the suction cup reaches a particular depth below the ref-
erence position 603, as shown by the position at point
632. The decompressions are made as the piston is re-
tracted until the suction cup reaches a particular height
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above the reference position 603, as shown by the posi-
tion at point 633. In chart 630, different duty cycles for
compression and decompression are depicted. A duty
cycle is a percentage of one period during which a par-
ticular characteristic is true. For example, the compres-
sion duty cycle can be measured as the percentage of
one period during which the patient’s torso is com-
pressed. In Figure 6C, chart 630 depicts that compres-
sions are held for a first period of time 634 and decom-
pressions are performed for a second period of time 635.
One full cycle or period takes a third period of time 636.
The compression duty cycle is the percentage the third
period of time 636 taken up by the first period of time 634
and the decompression duty cycle is the percentage the
third period of time 636 taken up by the second period
oftime 635. Inthe example of Figure 6C, the compression
duty cycle is a lower percentage than the decompression
duty cycle because the first period of time 634 is less
than the second period of time 635. Any duty cycle for
the wave form (i.e., either the compression duty cycle or
the decompression duty cycle) can be a predetermined
duty cycle or a user-entered duty cycle.

[0035] Figure 5 depicts an example of a method 500
of performing one cycle of mechanical CPR that includes
both compression and active decompression. At block
501, a suction cup of a mechanical CPR device can be
automatically attached to a patient’s torso. At block 502,
a reference position of the suction cup can be deter-
mined. As described above with respect to the methods
depicted in Figures 2A to 2F orin Figure 3, automatically
attaching a suction cup of a mechanical CPR device and
determining a reference position of the suction cup can
be performed in the same process. Both automatically
attaching a suction cup of a mechanical CPR device and
determining a reference position of the suction cup can
be performed by the mechanical CPR device.

[0036] At block 503, the piston can be extended until
the suction cup is depressed a certain depth from the
reference position. Extending the piston in this manner
will cause the suction cup to compress the patient’s torso.
The depth canbe a predetermined depth, a depth entered
by a user into a user interface of the mechanical CPR
device, a depth based on the force required to compress
the patient’s torso, or any other depth. At block 504, the
piston can be retracted until the suction cup is returned
to the reference position. At that point, the patient’s torso
is no longer in compression.

[0037] At block 505, the piston can be retracted until
the suction cup is withdrawn a certain height from the
reference position. Retracting the piston in this manner
will cause the suction cup to actively decompress the
patient’'s torso. The height can be a predetermined
height, a height entered by a user into a user interface
of the mechanical CPR device, a height based on the
force required to actively decompress the patient’s torso,
or any other height. At block 506, the piston can be ex-
tended again until the suction cup is returned to the ref-
erence position. At that point, the patient’s torso is no
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longer in active decompression.

[0038] When performing the method 500 depicted in
Figure 5, the piston does not need to stop moving after
each of the steps described in method 500. For example,
while block 504 indicates that the piston is retracted until
the suction cup is at the reference position and block 505
indicates that the piston is further retracted until the suc-
tion cup is at the height above the reference position, the
piston does not need to stop at the reference position.
The piston can continuously move from the position at
which the suction cup is at the depth below the reference
position until the suction cup is at the height above the
reference position. In another example, while block 506
indicates that the piston is extended until the suction cup
is at the reference position, the piston can continue to
move until the suction cup is at the depth below the ref-
erence position to start another cycle.

[0039] In any of the above examples, a suction cup
can become disengaged from the patient’s torso during
CPR. The disengagement can be measured in a number
of ways, such as by a pressure sensor configured to
measure the pressure below the suction cup, a sensor
that measures the force used during decompression, and
the like. In such a case, the mechanical CPR device an
automatically reattach the suction cup to the patient’s
torso and/or provide an alert (e.g., audio alert via a speak-
er, visual alert via a warning light, etc). The suction cup
can be reattached to the patient’s torso using the same
method that it was originally attached to the suction cup,
such as using the process depicted in Figures 2A to 2F.
The mechanical CPR device can store data about a dis-
engagement event in memory for later analysis. After
reattachment, the mechanical CPR device can also mod-
ify its operation, such as by changing the compression
and decompression waveform, changing the amount of
force used to extend and retract the piston, changing the
speed at which the piston is extend and/or retracted, etc.
[0040] Inanumber of embodiments discussed here, a
suction cup has been described on the end of a piston.
The suction cup can attach to a patient’s torso so that,
among other benefits, active decompression is possible.
[0041] Conditional language used herein, such as,
among others, "can," "could," "might," "may," "e.g.," and
the like, unless specifically stated otherwise, or otherwise
understood within the context as used, is generally in-
tended to convey that certain examples include, while
other examples do not include, certain features, ele-
ments, and/or steps. The terms "comprising," "including,"
"having," and the like are synonymous and are used in-
clusively, in an open-ended fashion, and do not exclude
additional elements, features, acts, operations, and so
forth. Also, the term "or" is used in its inclusive sense
(and not in its exclusive sense) so that when used, for
example, to connect a list of elements, the term "or"
means one, some, or all of the elements in the list.
[0042] Eachofthe processes, methods and algorithms
described in the preceding sections may be embodied
in, and fully or partially automated by, code modules ex-
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ecuted by one or more computers or computer proces-
sors. The code modules may be stored on any type of
non-transitory computer-readable medium or computer
storage device, such as hard drives, solid state memory,
optical disc and/or the like. The processes and algorithms
may be implemented partially or wholly in application-
specific circuitry. The results of the disclosed processes
and process steps may be stored, persistently or other-
wise, in any type of non-transitory computer storage such
as, e.g., volatile or non-volatile storage.

[0043] Itwill also be appreciated that various items are
illustrated as being stored in memory or on storage while
being used, and that these items or portions of thereof
may be transferred between memory and other storage
devices for purposes of memory management and data
integrity. Alternatively, in other embodiments some or all
of the software modules and/or systems may execute in
memory on another device and communicate with the
illustrated computing systems via inter-computer com-
munication. Furthermore, in some embodiments, some
orall of the systems and/or modules may be implemented
or provided in other ways, such as at least partially in
firmware and/or hardware, including, but not limited to,
one or more application-specific integrated circuits
(ASICs), standard integrated circuits, controllers (e.g.,
by executing appropriate instructions, and including mi-
crocontrollers and/or embedded controllers), field-pro-
grammable gate arrays (FPGAs), complex programma-
ble logic devices (CPLDs), etc. Some or all of the mod-
ules, systems and data structures may also be stored
(e.g., as software instructions or structured data) on a
computer-readable medium, such as a hard disk, a mem-
ory, a network or a portable media article to be read by
an appropriate drive or via an appropriate connection.
Such computer program products may also take other
forms in other embodiments. Accordingly, the present
invention may be practiced with other computer system
configurations.

[0044] While certain examples or illustrative examples
have been described, these examples have been pre-
sented by way of example only, and are not intended to
limit the scope of the invention disclosed herein. Indeed,
the systems described herein may be embodied in a va-
riety of other forms. The scope of the invention is defined
by the accompanying claims.

Claims
1. A mechanical CPR device, comprising:

a piston (221) having a suction cup (222) at-
tached at an end thereof;

a driving component configured to, in use, ex-
tend the piston toward a patient’s torso and re-
tract the piston away from the patient’s torso;
and

a controller configured to determine a reference
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position (230) by controlling the driving compo-
nent to at least:

extend the piston until a first position at
which the suction cup comes into contact
with the patient’s torso,

further extend the piston to cause air to be
forced out from an area between the suction
cup and the patient's torso until a first
threshold is reached; and

retract the piston until the suction cup is at
the first position, further retract the piston
from the first position until a second thresh-
old is exceeded, and

extend the piston to a point at which the second
threshold is no longer exceeded, the reference
position being based at least in part on the point;
wherein the controller is further configured to
perform mechanical CPR by controlling the driv-
ing component to at least:

compress the patient’s torso by extending
the piston from the reference position to a
depth and retracting the piston from the
depth to the reference position; and
actively decompress the patient’s torso by
retracting the piston from the reference po-
sition to a height above the reference posi-
tion, whereby the patient’s torso is decom-
pressed above the torso’s natural resting
position and above the reference position;
and wherein the reference position is the
position from which the depth of CPR com-
pressions and the height of decompres-
sions are measured.

The mechanical CPR device of claim 1, wherein the
controller is configured to compress the patient’s tor-
so and actively decompress the patient’s torso in a
cycle based on a frequency and a duty cycle; and
wherein the frequency is at least one of a predeter-
mined frequency or a frequency entered into the me-
chanical CPR device, and the duty cycle is at least
one of a predetermined duty cycle or a duty cycle
entered into the mechanical CPR device.

The mechanical CPR device of claim 1, wherein the
depth is at least one of a predetermined depth, a
depth entered into the mechanical CPR device, or a
depth based on a force used to compress the pa-
tient’s torso.

The mechanical CPR device of claim 1, wherein the
height is at least one of a predetermined height, a
height entered into the mechanical CPR device, or
a height based on a force used to actively decom-
press the patient’s torso.
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The mechanical CPR device of claim 1, wherein the
first threshold is a force threshold, the mechanical
CPR device further comprising:

aforce sensor configured to sense the force ap-
plied by the piston to cause air to be forced out
from an area between the suction cup and the
patient’s torso.

The mechanical CPR device of claim 1, wherein the
second threshold is a force threshold, the mechan-
ical CPR device further comprising:

a sensor configured to signal when the piston
has been extended to exceed the second
threshold, wherein the sensor is further config-
ured to stop signaling when the piston has been
extended to the point at which the second
threshold is no longer exceeded.

The mechanical CPR device of claim 1, wherein one
or both of the first and second thresholds is a pres-
sure threshold, the mechanical CPR device further
comprising:

a pressure sensor configured to sense pressure
in the area between the suction cup and the pa-
tient’s torso.

The mechanical CPR device of claim 1, wherein the
controller is configured to determine the reference
position in response to the mechanical CPR device
receiving a user input.

The mechanical CPR device of claim 1, wherein the
controller is configured to determine the reference
position a predetermined number of times before
performing mechanical CPR.

Patentanspriiche

1.

Mechanische CPR-Vorrichtung mit

einem Kolben (221) mit einer Saugkappe (222), die
an einem Ende davon angebracht ist;

einer Antriebskomponente, die eingerichtet ist, um
beider Verwendung den Kolben in Richtung des Tor-
sos eines Patienten auszufahren bzw. zu bewegen
und den Kolben weg von dem Torso des Patienten
zurlickzufahren bzw. zu bewegen; und

einer Steuerung, die eingerichtet ist, um eine Refe-
renzposition durch Steuerung der Antriebskompo-
nente zu bestimmen, um wenigstens:

den Kolben auszufahren bis zu einer ersten Po-
sition, in der die Saugkappe in Kontakt mit dem
Torso des Patienten kommt,

den Kolben weiter auszufahren, um zu bewir-
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ken, dass Luft aus einem Bereich zwischen der
Saugkappe und dem Torso des Patienten her-
ausgedrickt wird, bis eine erste Schwelle er-
reicht wird; und

den Kolben zuriickzufahren, bis die Saugkappe
in der ersten Position ist,

den Kolben weiter zuriickzufahren von der ers-
ten Position, bis eine zweite Schwelle Uber-
schritten ist, und

den Kolben zu einem Punkt auszufahren, an
dem die zweite Schwelle nichtlanger Gberschrit-
ten ist, wobei die Referenzposition wenigstens
teilweise auf dem Punkt basiert;

wobei die Steuereinrichtung ferner eingerichtet
ist,um eine mechanische CPR durch Steuerung
der Antriebskomponente durchzuflihren, um
wenigstens:

den Torso des Patienten zu komprimieren
durch Ausfahren des Kolbens von der Re-
ferenzposition zu einer Tiefe, und den Kol-
ben von der Tiefe zurlick zu der Referenz-
position zu verfahren; und

aktiv den Torso des Patienten zu dekomp-
rimieren durch Zurlckfahren des Kolbens
von der Referenzposition zu einer Hohe
oberhalb der Referenzposition, wodurch
der Torso des Patienten oberhalb der na-
tirlichen Ruheposition des Torsos und
oberhalb der Referenzposition dekompri-
miert wird, und wobei die Referenzposition
eine Position ist, von welcher aus die Tiefe
von CPR-Kompressionen und die Héhe von
Dekompressionen gemessen wird.

Mechanische CPR-Vorrichtung nach Anspruch 1,
wobei die Steuereinrichtung eingerichtet ist, um den
Torso des Patienten zu komprimieren und den Torso
des Patienten aktiv zu dekomprimieren in einem Zy-
klus basierend auf einer Frequenz und einem Ar-
beitszyklus bzw. einer Einschaltdauer, und wobei die
Frequenz eine vorbestimmte Frequenz und/oder ei-
ne in die mechanische CPR-Vorrichtung eingegebe-
ne Frequenz ist, und der Arbeitszyklus ein vorbe-
stimmter Arbeitszyklus und/oder ein in die mechani-
sche CPR-Vorrichtung eingegebener Arbeitszyklus
ist.

Mechanische CPR-Vorrichtung nach Anspruch 1,
wobei die Tiefe eine vorbestimmte Tiefe und/oder
eine Tiefe, die in die mechanische CPR-Vorrichtung
eingegeben wird, und/oder eine Tiefe basierend auf
einer Kraft, die zum komprimieren des Torsos des
Patienten verwendet wird, ist.

Mechanische CPR-Vorrichtung nach Anspruch 1,
wobei die Hohe ein vorbestimmte Hohe und/oder ei-
ne Héhe, die in die mechanische CPR-Vorrichtung
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eingegeben wird, und/oder eine Héhe basierend auf
einer Kraft, die zum aktiven Dekomprimieren des
Torsos des Patienten verwendet wird, ist.

Mechanische CPR-Vorrichtung nach Anspruch 1,
wobei die erste Schwelle eine Kraftschwelle ist, wo-
bei die mechanische CPR-Vorrichtung ferner auf-
weist:

einen Kraftsensor, der eingerichtet ist zur Erfas-
sung der Kraft, die durch den Kolben aufge-
bracht wird, um Luft aus dem Bereich zwischen
der Saugkappe und dem Torso des Patienten
zu dréngen.

Mechanische CPR-Vorrichtung nach Anspruch 1,
wobei die zweite Schwelle eine Kraftschwelle ist und
die mechanische CPR-Vorrichtung ferner aufweist:

einen Sensor, der eingerichtet ist, um zu signa-
lisieren, wenn der Kolben ausgefahren ist, und
die zweite Schwelle Uberschreitet, wobei der
Sensor ferner eingerichtet ist, um die Signalisie-
rung zu stoppen, wenn der Kolben zu dem Punkt
ausgefahren ist, an dem die zweite Schwelle
nicht langer Uberschritten ist.

Mechanische CPR-Vorrichtung nach Anspruch 1,
wobei eine oder beide der ersten und zweiten
Schwellen eine Druckschwelle ist bzw. sind, und die
mechanische CPR-Vorrichtung ferner aufweist:

einen Drucksensor, der eingerichtet ist, um ei-
nen Druck in dem Bereich zwischen der Saug-
kappe und dem Torso des Patienten zu erfas-
sen.

Mechanische CPR-Vorrichtung nach Anspruch 1,
bei der die Steuerung eingerichtet ist, um die Refe-
renzposition in Reaktion darauf, dass die mechani-
sche CPR-Vorrichtung eine Benutzereingabe erhalt,
zu bestimmen.

Mechanische CPR-Vorrichtung nach Anspruch 1,
bei der die Steuerung eingerichtet ist, um die Refe-
renzposition eine vorbestimmte Anzahl von Malen
zu bestimmen, bevor eine mechanische CPR durch-
geflhrt wird.

Revendications

Dispositif de réanimation cardiopulmonaire (CPR)
mécanique, comportant :

un piston (221) ayant une ventouse (222) fixée
a une extrémité de celui-ci ;
un composant d’entrainement configuré pour,
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1"

en utilisation, faire sortir le piston vers le torse
d’'un patient et faire rentrer le piston en I'éloi-
gnant du torse du patient ; et

un contrdleur configuré pour déterminer une po-
sition de référence (230) en commandant le
composant d’entrainement pour au moins :

faire sortir le piston jusqu’a une premiére
position dans laquelle la ventouse vient en
contact avec le torse du patient,

faire davantage sortir le piston pour faire
sortir I'air d’'une zone entre la ventouse et
le torse du patient jusqu’a ce qu’un premier
seuil soit atteint ; et

faire rentrer le piston jusqu’a ce que la ven-
touse soit dans la premiére position,

faire davantage rentrer le piston de la premiére
position jusqu’a ce qu’'un second seuil soit dé-
passé, et

faire sortir le piston jusqu’a un point ou le second
seuiln’estplus dépassé, la position de référence
étant basée au moins en partie sur ce point ;
dans lequel le contréleur est en outre configuré
pour effectuer une CPR mécanique en com-
mandant le composant d’entrainement pour au
moins :

comprimer le torse du patienten faisant sor-
tir le piston a partir de la position de réfé-
rence jusqu’a une certaine profondeur eten
faisant rentrer le piston a partir de la profon-
deur jusqu’a la position de référence ; et
décomprimer activement le torse du patient
en faisantrentrer le piston depuis la position
de référence jusqu’a une hauteur au-des-
sus de la position de référence, moyennant
quoi le torse du patient est décomprimé au-
dessus de la position de repos naturelle du
torse et au-dessus de la position de
référence ; et dans lequel la position de ré-
férence est la position a partir de laquelle la
profondeur des compressions de PCR et la
hauteur des décompressions sont mesu-
rées.

Dispositif de PCR mécanique selon la revendication
1, dans lequel le contréleur est configuré pour com-
primer le torse du patient et décomprimer activement
le torse du patient dans un cycle basé sur une fré-
quence et un cycle opératoire ; et dans lequel la fré-
quence est au moins un élément parmi une fréquen-
ce prédéterminée et une fréquence entrée dans le
dispositif de PCR mécanique, et le cycle opératoire
est au moins un élément parmi un cycle opératoire
prédéterminé ou un cycle opératoire entré dans le
dispositif de PCR mécanique.
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Dispositif de PCR mécanique selon la revendication
1,dans lequel la profondeur est au moins un élément
parmi une profondeur prédéterminée, une profon-
deur entrée dans le dispositif de PCR mécanique,
ou une profondeur basée sur une force utilisée pour
comprimer le torse du patient.

Dispositif de PCR mécanique selon la revendication
1, dans lequel la hauteur est au moins un élément
parmi une hauteur prédéterminée, une hauteur en-
trée dans le dispositif de PCR mécanique, ou une
hauteur basée sur une force utilisée pour décompri-
mer activement le torse du patient.

Dispositif de PCR mécanique selon la revendication
1, dans lequel le premier seuil est un seuil de force,
le dispositif de PCR mécanique comportant en
outre :

un capteur de force configuré pour détecter la
force appliquée par le piston pour faire sortir I'air
d’une zone entre la ventouse et le torse du pa-
tient.

Dispositif de PCR mécanique selon la revendication
1, dans lequel le second seuil est un seuil de force,
le dispositif de PCR mécanique comportant en
outre :

un capteur configuré pour une signalisation lors-
que le piston a été sorti pour dépasser le second
seuil, dans lequel le capteur est en outre confi-
guré pour arréter la signalisation lorsque le pis-
ton a été sorti jusqu’au point ou le second seuil
n’est plus dépassé.

Dispositif de PCR mécanique selon la revendication
1, dans lequel un seuil parmi les premier et second
seuils, ou les deux, est un seuil de pression, le dis-
positif de PCR mécanique comportant en outre :

un capteur de pression configuré pour détecter
une pression dans la zone entre la ventouse et
le torse du patient.

Dispositif de PCR mécanique selon la revendication
1, dans lequel le contréleur est configuré pour dé-
terminer la position de référence en réponse au dis-
positif de PCR mécanique recevant une entrée uti-
lisateur.

Dispositif de PCR mécanique selon la revendication
1, dans lequel le contréleur est configuré pour dé-
terminer la position de référence un nombre de fois
prédéterminé avant d’effectuer une PCR mécani-
que.
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