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CPR FEEDBACK DEVICE

FIELD OF THE INVENTION

[Para 1] A medical device for lay rescuers and first aiders as part of "survival
chain" in cardiac arrest scenario. The device gives audible feedback to its user
regarding the adequate chest compression depth, based on American Heart
Association (AHA) guidelines. In addition, it raises user's sense of capability and

confidence in cases of cardiac emergencies.

BACKGROUND OF THE INVENTION AND PRIOR ART

[Para 1] Sudden cardiac arrest (SCA) refers to the sudden cessation of cardiac
mechanical activity with hemodynamic collapse, usually occurs in patients due to
coronary artery disease and patients with other cardiac problems such as
arrhythmias, valvular abnormalities, congenital cardiac abnormalities etc.

Irreversible brain damage occurs within 5 minutes from complete cardiac arrest.

[Para 2] According to the World health organization (WHO) data?', collected in
2012, cardio vascular diseases are the leading cause of death worldwide,
accounting for 17.5 million deaths yearly. Of these deaths, an estimated 7.4
million were due to Coronary heart disease (CHD) and 6.7 million were due to
stroke. During a 38-year follow up of subjects in the Framingham Heart study?,
the annual incidence of sudden cardiac death increased dramatically with age and

underlying cardiac disease.
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[Para 3] Each year, approximately 350,000 out-of-hospital cardiac arrests
occur in the US itself. Survival rates from SCA are less than 10% but can be
doubled or even tripled if cardio-pulmonary resuscitation (CPR) is initiated by a

bystander or EMS, respectively3.4.

[Para 4] CPR is an emergency procedure that combines chest compressions
and artificial ventilation (mouth-to-mouth or mechanical ventilation) that was
first developed in the late 1950s and 1960s4. Delaying tissue death and
preventing permanent brain damage by restoring partial flow of oxygenated
blood to the brain and heart is its main goal. The onset of CPR and its quality are

the main prognostic factors in the survival rates given above345,

[Para 5] In 2010, AHA published its guidelines for CPR based upon extensive
evidence performed by the International Liaison Committee on Resuscitation
(ILCOR). The new guidelines were most notable for the conceptual change in the
previously known CPR algorithm. The 2010 guidelines emphasized the
importance of rapid identification of cardiac arrest and the importance of high
quality chest compressions. The universal, well known CPR sequence has been
reoriented from A-B-C (Airway-Breathing-Circulation) to C-A-B (Circulation-
Airway-Breathing) as an expression of the importance of rapid initiation of chest
compression and thus restoration of partial blood flow to the brain and heart,
preventing irreversible damage. As for the quality of compressions, the AHA
recommendations addressed the rate, depth and adequate recoil of the chest

between compressions. Compression rate and depth were set to be at least
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100/min and 2 inches (5cm) respectively. According to the “Highlights of the
2010 guidelines for CPR and ECC"published by the AHAS, the given compression
rate and depth, were associated with higher survival rates, while lower numbers
were associated with lower survival rates. Compression fraction (the portion of
time during which compressions are made, out of the total CPR time) was also
mentioned in correlation with survival, advocating the importance of chest

compressions in CPR5.9,

[Para 6] For untrained bystanders, "Hands-only" (compression only) CPR
algorithm was developed based on similar survival rates with either "Hands-only"
CPR or CPR with both compressions and mouth-to-mouth ventilation>. These
findings were supported by many studies?.8; however it's important to understand
that compression-only CPR is only recommended for untrained rescuers while
trained rescuers should adhere to the routine CPR and perform rescue breaths as
well. Interestingly, in a large multicenter, randomized trial published by D. Rea
et al. it was shown, that compression-only CPR increased survival rates among

patients with cardiac cause of arrest and those with VFS.
The role of CPR in VF

[Para 7] Arrhythmic mechanisms, account for 20-35% of sudden cardiac
deaths. Among these, Ventricular Fibrillation (VF) is responsible for the majority

of episodes.

[Para 8] VF is a rapid, disorganized ventricular arrhythmia, resulting in no

uniform ventricular contraction and thus impairment in cardiac output. Early
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defibrillation is an AHA (based on ILCOR) class 1 recommendation in cases of VF
as data suggesting 8-10% decrease in survival with each passing minutel®.
Moreover, as the importance of immediate defibrillation has been substantiated,
worldwide governmental laws have been enacted requiring placement of AEDs in

public places.

[Para 9] Recent data suggested a 3 phase model for VF cardiac arrest referring
the approximate time since cardiac arrest: (1) electrical phase, 0-4 min. (2)
circulatory phase, 4-10 min. (3) metabolic phase, extending beyond 10 min. after
cardiac arrest. Based on this model, the role of CPR in each phase has been
studied. The "3 phase model" challenged the "uniform"” way of treatment
proposed by the AHA (immediate defibrillation regardless the time since cardiac

arrest occurs)10.11

[Para 10] During the electrical phase, immediate defibrillation indeed showed
improvement in survival rates. The major conceptual change was regarding the
circulatory phase in which chest compressions took priority over immediate
defibrillation. It has been shown that delaying defibrillation by 1-3 minutes while
providing oxygen delivery (chest compressions according to guidelines) results
in higher success in terms of Return of Spontaneous Circulation (ROSC), hospital
discharge and 1-year survival'0.'1, The exact underlying mechanism is unknown
although it is suggested that restoration of substrates as oxygen along with
washout of deleterious metabolic factors accumulated during ischemia may

explain the findings. As for the metabolic phase (>10 min after cardiac arrest),
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the extensive brain and cardiac cell injury may attenuate the survival benefit of
CPR'0, In general, regardless the time-to-shock discussed above, it is
recommended to immediately resume adequate chest compressions following

attempted defibrillation for two more min’2.
Updated 2015 guidelines

[Para 11] In 2015, the AHA updated its guidelines'3. The previous concept of
the importance of high quality chest compressions, presented in the 2010
guidelines, has been substantiated as more data became available'6. Many studies
have indicated higher survival rates from cardiac arrest for high quality chest

compressions (adequate depth, rate, chest recoil etc.)

[Para 12] The main changes presented in the 2015 were in setting an upper
limit for chest compressions rate and depth. For compressions rate, upper limit
of 120/ min was set suggesting that excessive rate may prevent an adequate chest
recoil and impair the desirable compression depth. As for compressions depth,
upper limit of 2.4 inches (6cm) was set based on a report associating increased

non-life-threatening injuries with excessive compression depth.

[Para 13] It is worth mentioning several things relating to the changes

mentioned above:

.The addition of an upper limit for compressions rate and depth was based on 1

publication each.

ii.In the 2010 guidelines, only 1 value for rate/depth was given suggesting that

confusion may result when a range is recommended.
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iii.Evaluating the precise depth of compression by an untrained bystander or even a

trained rescuer may be challenging. With this in mind, the 2010 AHA
recommended the concept of "Push Hard, Push Fast’. The new recommendations
are inconsistent with the given statement and force a precise evaluation of a tight
range (0.4 inches), which may be impossible in the absence of feedback devices.
The extra precautions taken by a rescuer in avoiding deviation from the given

range, may lead to inadequate compressions depth.
Emerging needs

[Para 14] Assessing CPR quality and adherence to the CPR guidelines was the
objective of many studies and a high frequency of inadequate chest compression
depth and rates compared to guidelines has been reported'+15. Wik et al.’4
studied the quality of CPR during out of hospital cardiac arrest and used the
international CPR guidelines for outcome measure. In their study, Wik et al. used
defibrillators to record chest compressions via a sternal pad fitted with an
accelerometer. The mean compression depth was found to be 34 mm (95% ClI,
33-35 mm), 28% (95% Cl, 24%-32%) of the compressions reached 38-51 mm

depth and more than half of the compressions were less than 38 mm.

[Para 15] Since the development of CPR in the late 1950s and its evolution
through the years, the limited improvement in survival rates following cardiac
arrest has led to the development of several CPR assisting devices. These devices
were introduced to trained rescuers and are widely used nowadays (Bag and Mask

ventilator, Cardio-Pump, Lucas CPR device etc.).1”



10

15

20

WO 2020/089882 PCT/IL2018/051148

[Para 16] Moreover, the importance of early initiation of CPR put focus on
educating the general population regarding the subject and CPR assisting devices
were also introduced to the "untrained" population targeting its needs (mobility,

simplicity etc.).

[Para 17] The emphasis on the importance of chest compressions and the
findings of inadequate chest compressions depth and rate, even among
professionals, has led to further research and development of CPR feedback

devices.

[Para 18] With the technological advances over the years, many assisting
feedback devices have been developed based on different technologies (pressure
sensors, accelerometers, metronomes) both for training and real life CPR. The

efficacy of these devices became the subject of many studies.

[Para 19] A systemic review'8 found evidence that feedback devices may be
helpful for rescuers to improve CPR performance in both training and
clinical setting. Yeung et al.’® conducted a single blinded, randomized
controlled trial in which different feedback devices were compared. The
primary outcome was compressions depth. Secondary outcomes were
compression rate, proportion of chest compressions with inadequate
depth, incomplete release and user satisfaction. The difference between
the feedback devices was the technology used for its purpose. It was found

that pressure sensor device improved compression depth (37.24-
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43.64mm, p-value=0.02) while the accelerometer device reduced chest

compression depth (37.38-33.19mm, p-value=0.04).

[Para 20] Another open, prospective, randomized, controlled trial compared
other CPR feedback devices found no significant improvement and the overall BLS

quality was suboptimal in all groups.2°

[Para 21] To summarize, the studies described above and many others, studied
the quality of chest compressions during CPR while little is known about the
outcome and survival rates since the introduction of CPR assisting and feedback
devices. One such study?! is now being conducted, assessing the effect of real-

time CPR feedback and post event debriefing on patient's outcomes.

[Para 22] Since the evolvement of CPR assisting devices there has been an
insignificant improvement in compressions quality and the survival rates
following CPR on cardiac arrest victims remained constant20.22, This may be
explained, in our opinion, by several factors. First, the current studies regarding
the existing CPR feedback devices used trained caregivers (EMS) or medical
students as participants. This population is already well trained and major
improvement in the quality of chest compressions was expected to be low.
Regarding compression depth as an example, even if was suboptimal in
comparison to the AHA guidelines, was probably better than compression depth
achieved by lay population before arrival of trained teams. In the later, significant
improvement in compressions quality is expected if feedback devices will be

used. Secondly, the onset of high quality chest compressions is an important
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factor. As shown before, survival rates are doubled or even tripled if CPR is
initiated before the arrival of EMS3.4. These numbers may be even higher by
improving the quality of chest compressions before arrival of EMS, by introducing
feedback devices to first aiders and untrained population (12 million people are
trained by the AHA annually). Such devices would also increase sense of capability
among the general population when facing cardiac emergency as data from the

AHA shows that 70% of Americans feel helpless to act in such cases.?3

[Para 23] Several principles should be taken into consideration when

introducing such devices to the general population.

1. Affordable price (the proposed device is a lot cheaper than the existing
devices)
2. Portable and small dimensional(the proposed device is a lot lighter and

smaller than the existing devices)
3. Simplicity - no buttons or features that would confuse the user and/or

postponed the initiation of CPR

[Para 24] Theoretically the existing feedback devices (CPR meter by Laerdal,
Pocket CPR by Zoll etc.), have had to make a meaningful change in quality of CPR
and survival rates following cardiac arrest. Practically, their high price made them
unaffordable by the general population and thus limited their potential. In the

current outlines, these devices are excellent for training purposes.

Prior Art
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[Para 25] Due to the extensive need, many systems and devices have been
introduced: US20170000688 to Kaufman et al; WO2016188780 to DELLIMORE et
al; US20160317384 to Silver et al.; US20160256350 to Johnson et al;
US20150105637 to Xuezhong Yu et al; US20150359706 to Bogdanowicz;
US20130218055 to Fossan Helge; US6390996 to Halperin et al; US20140323928

toJohnson Guy R; US20120184882 to Totman et al; and others.

[Para 26] None of the above systems or devices gives the practical solution to

the problems described above.

[Para 27] The device introduced in this invention treats the problems and gives
the optimal solution. The invention introduces a CPR feedback device that refers
to the principles mentioned above.” Beaty” is a small dimensional, easy for use,
and cheap device that allows the user to get a real time feedback regarding CPR

performed.

[Para 28] The device comprises a pressure sensor that transforms the pressure
(weight) applied on a victim's chest into a desired depth and gives an audible

output as a feedback.

[Para 29] A study published in 200624, provided comprehensive information
concerning the elastic properties of the human chest during chest compressions
and described the forces needed in order to achieve adequate compressions
depth. According to this study, 50kg force applied to the sternum would achieve

adequate compression depth in most out-of-hospital cardiac arrest victims
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[Para 30] Based on these findings, 50Kg force as a gold standard was chosen,
knowing that adequate depth would be achieved in most patients. It is also
understood that in certain victims the sternum would be displaced more than 6cm
depth. Several concerns regarding consequences of deep compressions have
been raised, thus the literature about chest compression complications was

reviewed.

[Para 31] Various rates of skeletal and non-skeletal injuries were reported in
several studies?5.26, |n one study?7, the association of CPR- related thoracic and
abdominal injuries and compression depth was investigated. According to this
study, the incidence rate of injuries in mean compression depth categories <5cm,
5-6cm,>6cm was 28%, 27%, 49% respectively. The correlation between
compressions depth and related injuries was shown in males only, while no such
association was observed in females. Nevertheless, the study concluded that the
injuries were in by and large non-fatal and that it is important to remember that
deeper compressions increase survival. The authors also mentioned that
exaggerated fear of injuries related to deeper compressions depth would lead to
a reduction in depth below recommendations. Even in the AHA 2015 guidelines,
the addition of an upper limit to chest compression recommended depth was
based on one publication that showed potential harm from excessive chest

compression depth.
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[Para 32] In the same document, it has been claimed that compression depth
may be difficult to judge without use of feedback devices, and identification of

lower and/or upper limit may be challenging.

[Para 33] It is believed that by reaching as many people as possible the sense
of capability may be increased among general population and improve CPR
initiated before arrival of EMS, thus increasing survival rates following cardiac

arrest.
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SUMMARY OF THE INVENTION

[Para 34] A medical device that targets lay rescuers and first aiders as part of
the "survival chain" in cardiac arrest scenario. The product gives audible feedback
to its user regarding the adequate chest compression depth, based on the

American Heart Association guidelines.
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[Para 35] The device is a small portable device, built to fit between user's palm
and patient chest. A bystander who carries the device applies it on the middle of
patient's chest as shown in a picture printed on top of the device. The user
receives audible feedback with every correct chest compression provided;

otherwise, the device stays silent.

[Para 36] The user is motivated to achieve the audible feedback and to keep it

through the entire CPR till the arrival of EMS.

[Para 37] Device's upper part is made of soft concave material (like for
example, rubber) (soft upper pad) to ergonomically fit user's palm. The soft
material is glued to a plastic cover. A picture or a schematic drawing on its upper

part describes the correct place on patient chest where the device is to be placed.

[Para 38] Under the first soft layer a hard-upper lid is located. That lid may be
manufactured by a three-dimensional printer. The material of the lid has to be of
a solid material capable of enduring the high pressure inflected on the device

when performing the CPR.

[Para 39] The lid connects to the other parts of the device by a single screw

and by a rotatory closing system.

[Para 40] A printed electronic circuit (PCB) is located under the plastic lid. On
top of which electronic components are assembled. The circuit connects to a

hard lower lid by two screws.
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[Para 41] The hard lower lid is made of same material and is similarly
manufactured as the hard upper lid, on which the printed electronic circuit is

placed.

[Para 42] On the side of the hard lower lid an FSR sensor is attached. The
5 sensor is located in a niche of up to 0.5 millimeter on the rear side of the hard-
lower lid in order to isolate the sensor from any contact with the cushion, herein

under described, to avoid electric current for saving buttery.

[Para 43] The cushion which is made of soft concave material is located in the
lower part of the device and is in contact with patient’'s chest. The inner part of
10 the cushion, which has no contact with patient's chest, is located about a
millimeter away from the sensor. When causing the pressure on patient's chest,
the cushion is compressed and touches the FSR sensor. The contact with the

sensor activates the electric circuit.
BRIEF DESCRIPTION OF THE DRAWINGS
15 [Para44] Fig. 1 - External view of the device.
[Para 45] Fig. 2 - Layout of device's parts.
[Para 46] Fig. 3 - Location of FSR sensor
[Para 47] Fig. 4 - Internal view of device in open cut.

[Para 48] Fig. 5- Lower silicone cushion inner.

20 [Para 49] Fig. 6 - electrical circuit

[Para 50] Fig. 7 -schematic print of circuit board (PCB)
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[Para 51] Fig. 8 - FSR sensor description.
[Para 52] Fig. 9 - FSR sensor diagram

[Para 53] Fig. 10 - Sensor Characteristics
[Para 54] Fig. 11- Spatial structural change of circular concave elevation

[Para 55] Fig. 12- Silicone adapter

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[Para 56] The device is a small portable device, (approximately D: 50mm;
thickness 24mm; height 57mm ; weight 39grams), built to fit between user's palm
and patient chest (fig. 7). A bystander who carries the device applies it on the
middle of patient's chest as shown in picture/ schematic drawing 101. The user
receives audible feedback with every correct chest compression provided;

otherwise, the device stays silent.

[Para 57] Device's upper part, soft upper pad 104, (fig. 1) is made of soft
concave material, (like, for example, rubber), to ergonomically fit user's palm.
The soft upper pad 104 is glued to plastic cover 100. Picture/schematic drawing
101 which is placed on upper pad 104 describes the correct place on patient chest

where the device is to be placed.

[Para 58] A hard-upper lid 100 is located under upper pad 104. That lid may

be manufactured by plastic injection into a pre-designed mold. The material of
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the lid has to be of a solid material capable of enduring the high pressure inflected

on the device when performing the CPR.

[Para 59] Upper lid 100 connects to the other parts of the device by a single

screw and by a rotatory closing system 110 (fig. 4c).

[Para 60] A printed electronic circuit 105 (PCB) (fig.2c) is located under plastic
lid 100 (fig.2). On top of which electronic components are assembled (fig.2c). The

circuit connects to a hard-lower lid 103 by two screws 112 (fig.4a).

[Para 61] Hard lower lid 103 is made of solid material similar to the material
of hard-upper lid 100 and may also be manufactured by plastic injection into a

pre-designed mold. Electronic circuit 105 is printed on lower lid 103 (fig.2d).

[Para 62] FSR sensor 106 (fig.2e) is attached to the rear side of hard lower lid
103. Sensor 106 is inserted into a niche of about 0.5 millimeter 103A on the rear
side of hard lower lid 103 (fig.3), in order to isolate sensor 106 from any contact

with cushion 107 to avoid electric current to save buttery 108 (fig.4a ).

[Para 63] Cushion 107 (fig.2) which is made of soft concave material is located
in lower part of the device and is in contact with patient's chest. The inner part of
cushion 107, which has no contact with patient’s chest, is located about 0.5 mm
away from sensor 106. When causing the pressure on patient's chest, cushion107
is compressed and touches FSR sensor 106. The contact with the sensor activates

the electric circuit.

[Para 64] PCB 105 has 3 parts (fig.4):
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(1) Comparator 109 compares one analogue voltage level with another analogue
voltage level or some preset reference voltage, Vrer and produces an output signal
based on this voltage comparison. In other words, the op-amp voltage
comparator compares the magnitudes of two voltage inputs and determines

which is the larger of the two (fig. 6).
(2) Printed circuit 113 (fig. /).
(3) Force-sensitive resistor (FSR) sensors 106 (fig.8).

[Para 65] FSR 106 has a variable resistance as a function of applied pressure.
The FSR is made of 2 layers 106a & 106d separated by spacer106b. Layer 106a
is the active area having Active Elements dots, plastic spacer 106b has air vent
106¢. Layer 106d is made of a conductive film and a flexible substrate. The more
onhe presses the device, more of those Active Element dots on 106a touch the
semiconductor decreasing the resistance. When there is no pressure, the sensor
looks like an infinite resistor (open circuit), as the pressure increases, the

resistance decreases (circuit closes) (see fig. 9).

[Para 66] As explained above, comparator 109 (fig.4b) compares the
magnitudes of two voltage inputs. Resistors' predetermined reference voltage is

connected to negative entrance of compactor 109.

[Para 67] When circuit is stable, the output is O volt and buzzer is on "off"
position. When sensor is pressed, voltage in positive entrance of comparator 109
changes. The higher the pressure gets, so does the voltage in positive entrance

of comparator 109. When voltage in positive entrance of comparator 109 passed



WO 2020/089882 PCT/IL2018/051148
22

the predetermined reference voltage, comparator 109 outlets changes from 0 to
3 volts (battery 108 voltage) and buzzer 111 is turned on (fig. 4b). (See table 1

that refers to fig. 6)

Table 1

High
resistance.

FSR Force Sensing Resistors

R’E 50 Kohm Used to tune the sensitive of

the system.

R2 2.2 Keshm  |Reference Voltage

R3 2.2 Kohm  |Reference Voltage

1C1 |LMV321 Comparator

A The buzzer will be active when
gBuzzer RS-12038 the comparator output will be 'ON'.
Battery|CR2032 Battery 3 Volts

The predetermined pressure for FSR 106 to close circuit as explained above is
50kg, based on numerous researches detailed above. It was proved that, in order
to effectively reach, patients' chest pressure of 50 kg., user shall have to get as

deep as 51 mm in over 50% of tested patients. See tables 2 & 3:

Table 2
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Table 3:

)
Py
L3

I
Y
5

rezd depth
o

Dbta
(0

Fa)
=
Le
o
1
&
b
ey

Dompression foroalian
Compression force {(kg) vs. absolute compres-
sion depth {rm) for all episodes.

[Para 68] With the aim of saving lives and increasing the survival rates
following a cardiac arrest, the device has to be widely distributed and used.

5 With this in mind, the device was designed to be easy to use, small dimensional
and affordable.

[Para 69] As mentioned above, a change (decrease) in the FSR resistance is
achieved with increasing force applied on it. As seen in fig 10 (Sensor
Characteristics) the sensor’s ‘Pressure Sensitivity Range’ (highlighted in yellow)

10 is 1 to 125 PSI (0.07 kg/cm2 - 8.78 kg/cm?). Yet, a thorough examination of

the FSR resistance-pressure curve (fig. 8) shows that the actual sensitivity
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range is even lower: 1-80 PSI (0.07 kg/cm? - 5.62 kg/cm?) as at values above

80PSI the curve is near constant.

[Para 70] The ranges of the FSR are much lower than needed according to CPR

guidelines for effective chest compressions (50kg).

[Para 71] Choosing FSR that would endure higher weights (50kg as needed)

will make the whole device not affordable to the end user.

[Para 72] A special mechanic structure combined with specific material’s

specifications as used in our device (silicon hardness level and compression
capability) causes partial absorption of applied pressure as well as gradual
distribution of the remaining pressure on the FSR. This allows the FSR in

question work under applied pressure of 50 kg.

[Para 73] As may be observed in fig. 11, when compression is made by the

user, the silicon cushion which comes in direct contact with patient’s chest,
absorbs certain amount of the pressure due to its compressibility. At a certain
point, a circular curved elevation (made of same compressible silicon material)
in inner part of cushion 107 (fig 5) meets the FSR and is being compressed
against it. The more pressure is applied, the more it changes its spatial
structure (becoming flat) and comes in more contact with FSR106 (gradual
pressure) allowing the use of FSR 106 under applied pressure of 50kg. Using
an FSR with higher ‘Pressure Sensitivity Range’ is not cost-effective and will not
allow it’s wide spread among the general population thus increasing the chance

of using it in real time (see fig. 10)
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[Para 74] If the elevation in inner silicon cushion 114 is flat (not curved), the
pressure would have to be applied overall FSR surface at one time rather than
gradually, thus preventing the buildup of a pressure equivalent to 50kg.

[Para 75] A Silicone adapter115 of about 7.2cm diameter is provided with each

5 device and may be used at user’s choice and preference (Fig. 12).

[Para 76] Adapter 115 is made of soft silicone material. The upper part of
adapter 115 is flat while it’s bottom part 116 contains a hollow opening for the
insertion of the original small device. Due to a larger surface area, adapter115
increases user’s comfort when prolonged CPR is required (rural areas, medical

10 teams etc.)

[Para 77] Silicone adapter 115 enables the use of the device in hospital where

prolonged CPR is required, maintaining the principles of the simplicity and

cost-effectiveness of original device.

15
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1. A portable medical device for lay rescuers and first aiders as part

of "survival chain” in cardiac arrest scenario built to fit between

user's palm and patient chest to be applied on middle of patient's

chest,

returning audible feedback with every correct chest

compression provided, comprising:

an upper part made of soft material to ergonomically fit

human palm, glued to a solid upper cover; and

a picture or a schematic drawing placed on its upper part
indicating the correct place on patient chest where device is

to be placed; and

An upper lid located under the soft layer made of solid
material capable of enduring high pressure, connected to
the other parts of the device by a rotatory closing system;

and
a lower lid made of solid material; and

A printed electronic circuit (PCB) located on the solid lower
lid comprising a comparator comparing one analogue
voltage level with another analogue voltage level or some
preset reference voltage producing an output signal based

on voltage comparison; Printed circuit and Sensors; and

electronic components assembled on top of the printed

electronic circuit; and

SUBSTITUTE SHEET (RULE 26)
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— a Force-sensitive resistor (FSR) sensor comprising three
layers attached to the rear side of lower lid in a niche and

whereas one layer comprises active element dots; and

— A cushion made of soft concave material having a circular
curved elevation made of same material located in lower

part of the device being in contact with patient's chest.

A portable device according to claim 1 wherein the solid upper lid
may be manufactured by plastic injection into a three-dimensional

printer.

. A portable device according to claim 1 wherein the curved

cushion's inner part having no contact with patient's chest, is
located about a millimeter away from sensor and when causing
pressure on patient's chest the curved cushion is compressed

gradually touching sensor and activating the electric circuit.

. A portable device according to claim 1 wherein FSR has a variable

resistance as function of applied pressure.

. A small portable device according to claim 4 wherein FSR is made

of two layers separated by a spacer.

. A portable device according to claims 4-5 wherein the layer 106a

of the FSR is the active area having active element dots, solid
spacer 106b has air vent and layer 106d is made of a conductive

film and a flexible substrate.

SUBSTITUTE SHEET (RULE 26)
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FSR according to claim 4-6 wherein the more one presses, the
more of the active element dots touch the semiconductor reducing

resistance.

. FSR according to claims 4- 7 wherein with no pressure, the sensor

looks like an infinite resistor (open circuit) and as pressure

increases, resistance reduces.

A portable device according to claim 1 wherein comparator
compares magnitudes of two voltage inputs and resistors'
predetermined reference voltage is connected to negative

entrance of com pactor.

A comparator according to claim 9 wherein when circuit is stable,
the output is 0 volt and buzzer is on "off" position and when
sensor is pressed, voltage in positive entrance of comparator
changes and the higher the pressure gets, so does the voltage in
positive entrance of comparator; and when voltage in positive
entrance of comparator passed the predetermined reference
voltage, comparators' outlet changes from 0 to 3 volts and buzzer

is turned on.

. A comparator according to claims 9-10 wherein predetermined

pressure for FSR to close circuit is 50kg.
A portable device according to claim 1 having a suitable silicone
adapter wherein the upper part of the adapter is flat, and its

bottom part contains a hollow opening for the portable device.

SUBSTITUTE SHEET (RULE 26)



WO 2020/089882 PCT/IL2018/051148
1/12

107

7
I
/
:
H
i
o
o
i



WO 2020/089882

PCT/IL2018/051148
2/12

. P
7 /,’/// ///1} 111/
7

\\g\\
N

/ s //
.

7

T
.
%/4/ //é// Z
-
.

R R

7
.

N

100

!

~
00

=



WO 2020/089882 PCT/IL2018/051148

3/12

://,5}/:%/4

103

77

v
e
54

e

7
(223

106



PCT/IL2018/051148

WO 2020/089882

4/12

(49"

OoTT

80T

60T

11T

qt ‘bif



PCT/IL2018/051148

WO 2020/089882

5/12

qs ‘S

,. X . R N
%, ! B % S
\ // N e
4! N . -

eq .m_u_.



PCT/IL2018/051148

WO 2020/089882

6/12

RN
AR

72227

%
2
#
2

il

L

Ay

. ///
N
///r/// /// m
/ {
g
W R
N N
N N
W W RN
S N ﬂ AN
Ve N S //////
N ////%// W /
N N
ETTOE m , m
N
N N
S N
. S N
S D N
s /??ﬁ?ﬁ?///////? N
=t N N M

RS ///////////////////// //ﬁ/m R
N \

/ . ////// A

N S D

N NN

m A

N

N

N

N

N

N

N

N

N

- s/;f//
AN
SR A
N
”// IOSUST // ATHITHIRIR R T TR TR AR TR u U u%/
/////A‘.///:‘//////f/ﬁ;



0000000000000

/ 4’/ /// Z '/" / * P,
: //4/ $i 7 g ‘7
/ .




PCT/IL2018/051148

WO 2020/089882
8/12
(4]
& g g
2 e =
i

@ )
S S
— i



FSR Sensor

WO 2020/089882

9/12

PCT/IL2018/051148

e e,

S S S




WO 2020/089882 PCT/IL2018/051148
10/12

ey
[
AN

N
o
3

7% o
(% e
] A
A o
2% [
wh s
P fndd
%
g . - “
o oo i o %
7%
it
i
7%

%
pa
74
7%

e G

k- S

o s

o

P

¥
SR
AT AN

7

7

N

Y
XA

S
3

e
1

R
100

3



PCT/IL2018/051148

WO 2020/089882

11/12

(ZOT) uoiysnd uodl|IS JoMO|
uo aunssaad paljdde ul aseasou|

L0T

A
RS S

901

ERRRIRRR SRR R R
EEEE
Joejuod Jjo iod 423319 o0l

L0T

10B1U0D JO JUI0d / 0L



WO 2020/089882 PCT/IL2018/051148
12/12




INTERNATIONAL SEARCH REPORT

International application No.

PCT/IL2018/051148

Al CLASSIFICATION OF SUBJECT MATTER
IPC (2019.01) A61H 31/00, GO9B 23/28

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

IPC (2019.01) A61H

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documertation to the extent that such docwments are inchuded in the fields searched

Databases consulted: Esp@cenet, FamPat database

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Categorv*

7

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 2008171311 A1l
17 Jul 2008 (2008/07/17)
Entire Document

A " Adafruit- FSR Review"
[Published], (29-07-2012(
[Retrieved on 06-02-2019]

overview

09 Jul 2012 (2012/07/09)
Entire Document

Retrieved from the Internet at URL: https://learn.adafruit.com/force-sensitive-resistor-fst/

A US 2010022904 A1
28 Jan 2010 (2010/01/28)
Entire Document

A US 2013282069 A1l
24 Oct 2013 (2013/10/24)
Entire Document

TFurther documents are listed in the continuation of Box €.

See patent family annex.

* Special categorics of cited documents:
A” document defining the general state of the art which is not considered
1o be of particular relevance

«p»  earlier application or patent but published on or after the

international filing date

document which may throw doubits on priotity claim(s) or which is

cited fo establish the publication date of another citation or other

special reason {as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

«“p”  document published prior to the international filing date but later
than the priority date claimed

P

“T7  later document published after the international {i
date and not in conflict with the application but ci
the principle or theory underlying the invention

ing date or priority
d to understand

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered {o involve an inventive sicp when the document is
conmbined with one or more other such documents, such combination
being obvious 1o a person skilled ia the art

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the infemational search report

Technology Park, Bldg.5, Malcha, Jerusalem, 9695101, Israel
Facsimile No. 972-2-5651616

06 Feb 2019 07 Feb 2019
Name and mailing address of the [SA: Authorized officer
Israel Patent Office ABU RABIA Nizar

Telephone No. 972-2-5651765

Form PCT/ISA/210 {second sheet) {Jannary 2615)




PCT/IL2018/051148
C (Continnation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2004082888 Al 1-12
29 Apr 2004 (2004/04/29)
Entire Document
A CN 107929030 A 1-12
20 Apr 2018 (2018/04/20)
Entire Document
A WO 2008015623 A2 1-12

07 Feb 2008 (2008/02/07)
Entire Document

Form PCT/ISA/210 (continuation of second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
[nformation on patent family members

International application No.

PCT/IL2018/051148
Patent docug;g;tcited search Publication date Patent family member(s) Publication Date

US 2008171311 Al 17 Jul 2008 US 2008171311 Al 17 Jul 2008
US 9028259 B2 12 May 2015
CA 2675728 Al 24 Jul 2008
US 2012089054 Al 12 Apr 2012
US 2015224021 Al 13 Aug 2015
WO 2008086592 Al 24 Jul 2008

US 2010022904 Al 28 Jan 2010 US 2010022904 Al 28 Jan 2010
US 9585603 B2 07 Mar 2017
CN 102164573 A 24 Aug 2011
CN 102164573 B 02 Dec 2015
EP 2317966 Al 11 May 2011
EP 2317966 A4 20 May 2015
JP 2011528584 A 24 Nov 2011
JP 5357253 B2 04 Dec 2013
KR 20110033935 A 01 Apr 2011
KR 101556813 Bl 01 Oct 2015
US 2017172844 Al 22 Jun 2017
WO 2010009531 Al 28 Jan 2010

US 2013282069 Al 24 Oct 2013 US 2013282069 Al 24 Oct 2013
US 8942800 B2 27 Jan 2015
CA 2886554 Al 24 Oct 2013
CN 104661703 A 27 May 2015
CN 104661703 B 29 Mar 2017
EP 2653146 Al 23 Oct 2013
HK 1210731 Al 06 May 2016
JP 2015514501 A 21 May 2015
JP 6243403 B2 06 Dec 2017
WO 2013158185 Al 24 Oct 2013

Form PCT/ISA/210 (patent family annex) (Jamary 2615)




INTERNATIONAL SEARCH REPORT
[nformation on patent family members

International application No.

PCT/IL2018/051148
Patent docug;g;tcited search Publication date Patent family member(s) Publication Date
US 2004082888 Al 29 Apr 2004 US 2004082888 Al 29 Apr 2004

US 6827695 B2 07 Dec 2004

AU 2003291656 Al 13 May 2004
AU 2009238264 Al 03 Dec 2009
AU 2009238264 B2 20 Dec 2012
AU 2013201712 Al 11 Apr 2013

AU 2013201712 B2 19 Nov 2015
AU 2016201047 Al 10 Mar 2016
AU 2018203892 Al 21 Jun 2018

CA 2503544 Al 06 May 2004
CA 2503544 C 31 Jul 2012

CA 2776907 Al 06 May 2004
CA 2776907 C 06 Dec 2016
CA 29480206 Al 06 May 2004
EP 1558193 A2 03 Aug 2005
EP 1558193 A4 10 Feb 2010
EP 2532338 A2 12 Dec 2012
EP 2532338 A3 09 Oct 2013
EP 2532339 A2 12 Dec 2012
EP 2532339 A3 09 Oct 2013
EP 2532340 A2 12 Dec 2012
EP 2532340 A3 09 Oct 2013
JP 2006503659 A 02 Feb 2006
JP 4762545 B2 31 Aug 2011
JP 2011161258 A 25 Aug 2011
JP 5165079 B2 21 Mar 2013
JP 2010214122 A 30 Sep 2010
JP 5436321 B2 05 Mar 2014
JP 2012166082 A 06 Sep 2012
JP 5436620 B2 05 Mar 2014
JP 2013138918 A 18 Jul 2013

Form PCT/ISA/210 (patent family annex) (Jamary 2615)




INTERNATIONAL SEARCH REPORT
[nformation on patent family members

International application No.

PCT/IL2018/051148
Patent docug;g;tcited search Publication date Patent family member(s) Publication Date
JP 5509364 B2 04 Jun 2014
US 2004210171 Al 21 Oct 2004
US 7118542 B2 10 Oct 2006
US 2004210170 Al 21 Oct 2004
US 7122014 B2 17 Oct 2006
US 2004210172 Al 21 Oct 2004
US 7476206 B2 13 Jan 2009
US 2007010764 Al 11 Jan 2007
US 8096962 B2 17 Jan 2012
US 2012004582 Al 05 Jan 2012
US 9125793 B2 08 Sep 2015
US 2009112135 Al 30 Apr 2009
US 2013060172 Al 07 Mar 2013
US 2013060173 Al 07 Mar 2013
US 2017087053 Al 30 Mar 2017
WO 2004037154 A2 06 May 2004
WO 2004037154 A3 17 Feb 2005
CN 107929030 A 20 Apr 2018 CN 107929030 A 20 Apr 2018
WO 2008015623 A2 07 Feb 2008 WO 2008015623 A2 07 Feb 2008
WO 2008015623 A3 24 Apr 2008
CN 101557788 A 14 Oct 2009
EP 2049060 A2 22 Apr 2009
JP 2009545361 A 24 Dec 2009

Form PCT/ISA/210 (patent family annex) (Jamary 2615)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report

